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Abstract 
The research described in this thesis mainly dealt with methodology development, 
design and synthesis, as well as the study of the physical properties of new xanthones and 
xanthone-based molecules. An offshoot of this work was concerned with the 
development of a synthetic approach to novel cyclic oligophenylenes. The inverse 
electron demand Diels-Alder (IEDDA)-based methodology was employed in all of the 
projects. 
The first objective was to employ the IEDDA reaction m a new approach to 
xanthones. Specifically, nine new 2-substituted-4-methoxyxanthones 1.228a- i and eight 
new 2-substituted-3,4-dimethoxyxanthones 1.229a- h were synthesized using IEDDA-
driven domino reactions between chromone-fused dienes 1.15 and the corresponding 
electron-rich dienophiles 1.225 and 1.226, respectively. This work is described in 
Chapter 2. This methodology was also employed for the synthesis of arylxanthones in 
Chapter 3. A series of 2-aryl-4-methoxyxanthones 3.9a- c and 2-substituted-4-
phenylxanthone, such as 3.18, was obtained from the reactions of the corresponding 
dienes 3.8a- c or 1.15b with dienophile 1.227. However, the desired 2,4-diarylxanthones 
3.10 could not be synthesized by this method. 
The second objective was to synthesize two different types of hetero[5]acenes 
from appropriate xanthone frameworks, i.e. 3,4-dimethoxyxanthones and 4-
methoxyxanthones, which were successfully obtained by the established IEDDA 
methodology. For example, Chapter 4 describes the synthesis of xanthonoid 
hetero[5]acenes 4.22 and 4.12-4.14 from the key intennediate .3,4-dimethoxyxanthone 
lll 
4.23 via a selective demethylation, followed by an intramolecular nucleophilic aromatic 
substitution. Among these newly-synthesized compounds, hetero[S]acene-based crown 
ether 4.14 was designed for future complexation studies with ions toward chemosensor 
applications. The attempted synthesis ofhetero[n]acenes (n = 5, 9) using double IEDDA 
reactions suffered from difficulties in the isolation of bis(diene) intennediate 4.26. At 
best, trace amounts only of hetero[S)acene 4.2Sb (mass spech·oscopic analysis) were 
obtained . . 
In Chapter 5, another class of hetero[5)acenes, refeJTed to as "donor-acceptor 
xanthone-carbazole hybrid systems", was constructed from key intermediate 2-o-
nih·ophenyl-4-methoxyxanthones 5.31a- f and 5.38, via microwave-assisted Cadogan 
reactions, followed by N-alkylation. A series of xanthone-carbazoles with or without 
substituents (OMe, Br) was synthesized, in which the "angular" isomers are the major 
product and the "linear" isomers are the minor ones in all cases. Suzuki couplings were 
effective in the synthesis of aryl-substituted xanthone-carbazole compounds. Physical 
studies on newly-synthesized xanthone-carbazoles showed some interesting features. For 
instance, the angular isomers show green fluorescence and quasi-reversible redox 
behaviour, while the linear ones show blue fluorescence in most cases and ineversible 
redox behaviour. Most of the xanthone-carbazoles exhibit moderate fluorescence 
quantum yi.elds, nanow HOMO-LUMO energy gaps, low HOMO energies, and some of 
them have close interplanar distances in solid-state packing (X-ray analysis), which make 
them very promising candidates in OLED or dFET applications. 
IV 
Finally, in Chapter 6, the synthesis of a cyclic oligophenylene was attempted 
using a six-fold IEDDA reaction. Although this project was unsuccessful , investigations 
aimed at the improvement of the reaction conditions as well as the design of a more 
reactive bis(diene) should be infonnative to future work. 
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Chapter 1 
Introduction 
1.1 A Brief Review of the Diels-Alder Reaction 
In organic synthesis, the Diels-Alder reaction, 1 a [ 4+2] cycloaddition, is one of 
the most powerful tools to construct six-membered rings. This electrocylic reaction 
occurs between a conjugated diene, which contributes 4n electrons, and a dienophile, 
which contributes 2n electrons. According to Frontier Molecular Orbital (FMO) theory,2 
the Diels-Alder reaction proceeds through the interaction of the HOMOctiene with the 
LUMOctienophite or vice versa (Figure 1.1 ). Both reaction partners undergo bond fonnation 
on the same side of their respective n planes. As such, this reaction is said to be 
suprafacial in both components. 
~. HOMO M LUMO diene diene 
: 
. H . .H . . ~ . . .. , LUMO .. .. . .. HOMO 
dienophile dienophile 
Figure 1.1 Frontier molecular orbital representation of a [ 4+2] cycloaddition reaction. 
Whichever of the above-mentioned HOMO-LUMO interactions has the smaller 
energy gap will dictate what type of Diels-Alder reaction it is. The parent Diels-Aider 
reaction between 1 ,3-butadiene and ethene (Figure 1.2) has large energy gaps for both 
interactions and occurs only under very harsh conditions to give cyclohexene as the 
product in low yield.3 In general, the attachment of an electron-withdrawing group 
(EWG) to a n-system lowers the energy of the LUMO while the attachment of an 
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electron-donating group (EDG) raises the energy of the HOMO. Thus, when the diene 
and dienophile are complimentruily modified with electron-withdrawing and donating 
groups, one of the HOMO-LUMO gaps becomes smaller, allowing the reaction to 
proceed under milder conditions. 
Diels-Alder reactions are typically divided into three categories based on their 
dominant HOMO-LUMO interactions (Figure 1.2): 
(a) The neutral Diels-Alder reaction: the diene and dienophile bear no substituents and/or 
electron-neutral substituents. Thus, the interactions of HOMOctiene-LUMOctienophile and 
HOMOctienophile-LUMOctiene have large gaps and are similar in energy. 
(b) The nonnal electron demand Diels-Alder reaction: the diene bears at least one EDG, 
and the dienophile bears at least one EWG. Thus, the interaction ofHOMOelectron-rich diene-
LUMOelectron-deficient dienopl;ile is dominant. 
(c) The inverse electron demand Diels-Alder (lEODA) reaction: the diene bears at least 
one EWG, and the dienophile bears at least one EDG. Thus, the interaction of 
HQMOelectron-rich dienophile -LUMOelectron-d,efi cient diene is dominant. 
2 
(a) neutral DA 
LUMO 
' LUMO ~ 
' 
' 
' ' ,,
,. 
., 
'' 
' ' 
HOMO*: 
'-* HOMO 
* 
( 
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(b) normal DA (c) inverse DA 
LUMO ~. 
' 
' 
HOMO * / 
* 
,.--
' ' 
'' 
•' ,,. \ 
LUMO LUMO ~. 
' ' \.;,' 
'• 
' ' 
' ' 
' 
' 
,,.-- LUMO 
HOMO 
HOMO *: '-* HOMO 
* 
~EWG 
EWG = electron-withdrawing group 
EDG = electron-donating group 
~EDG 
Figure 1.2 Three types ofDiels-Aider reactions. 
1.2 IEDDA Reactions of 1,3-Disubstituted Electron-deficient Dienes 
The IEDDA reaction was discovered much later (1959)4 than the nonnal Diels-
Alder reaction (1928),1 and has gained much attention since the 1980s.5 Numerous 
electron-deficient dienes, including acyclic and cyclic dienes and heterodienes, have been 
found to undergo IEDDA reactions with a broad range of electron-rich dienophiles. 
Among these electron-deficient dienes, those that bear EWGs at the 1- and 3-positions 
are especially interesting, e.g. 1.2a- d (Scheme 1.1 ). In such systems, the EWGs work 
cooperatively to electronically bias the diene unit. This would be expected to endow the 
diene with high reactivity and regioselectivity in its IEDDA chemistry, much like 
Danishefsky's diene 1.36 in the nom1al Diels-Alder reaction. However, dienes of this 
type are rare, presumably because the low-lying LUMO al~o renders them prone to 
3 
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polyme1ization. For example, dienes 1.2a-d7 obtained from thermolysis-induced retro-
Diels-Alder reactions readily polymerized (Scheme 1.1 ). 
f~ 400- 6oo •c ~EWG1 
EWG2 
1.1 
1.2a: EWG1 = EWG2 = CN 
1.2b: EWG1 = EWG2 = C02Me 
1.2c: EWG1 = CN; EWG2 = C02Me 
1.2d: EWG1 = C02Me; EWG2 = CN 
Scheme 1.1 1 ,3-Electron-deficient dienes 1.2a- d. 
Oanishefsky's diene 1.3 
Reaction of 1.4 with Et3N generated diene 1.58 (Scheme I .2), which dimerized in 
the absence of a dienophile, but reacted in situ with electron-1ich dienophiles such as 1.6 
and 1.8 to give a mixture of epimers 1.7 and 1.10. (via 1.9), respectively. 
H 
tO __.:; 
Et3N r s~~ l 1.6 PhS02 j CH2S02Ph benzene, rt 
PhS0,5 
benzene, 80 · c . 24 h 
PhSO,Db 61% PhS02 CH2S02Ph 
1.4 1.7 
· 0 j CH,CI, rt 6h 
~N 74% 
1.8 
[ Ph~O, 01 H -6 A PhS0,4 PhS02 
1.9 1.10 
Scheme 1.2 Generation and IEDDA reactions of the electron-deficient diene 1.5. 
Only a few other ~xamples9 of 1 ,3-activated electron-deficient dienes had been 
reported until the Bodwell group developed a series of such dienes to explore their 
IEDDA chemistry. 
4 
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1.3 IEDDA Reaction Studies in the Bodwell Group 
Since 1993, the Bodwell group at Memorial University has been investigating 
lEODA reactions of electron-deficient dienes 1.11- 1.15 (Figure 1.3) which bear electron-
withdrawing groups at the 1 and 3 positions of the diene unit, to construct various 
carbocyclic and heterocyclic systems. These semicyclic dienes are, to varying degrees, 
more stable than the acyclic dienes 1.2a- d and 1.5. 
~EWG 
u 1 
1.11 
1.13 
1.12 
I 
1.14 
~E~ 
0 
1.15 
Figure 1.3 Electron-deficient dienes 1.11- 1.15 investigated by the Bodwell group. 
1.3.1 IEDDA Reactions of Dienes 1.11 
Dienes 1.11 (EWG = C02Et, C02Bn, CN, COPh) 10 are relatively stable and can 
be stored at - 20 °C under a nitrogen atmosphere for at least two weeks without 
significant decomposition. Electron-deficient diene 1.11 (EWG = C02Et) was found to 
react with electron-Iich dienophiles such as 1, 1-diethoxyethylene (1.16) or ethyl vinyl 
ether (1.18) to afford adducts 1.17 and 1.19, respectively in good yields (Scheme 1.3). 1 1 
Both reactions proceeded with complete regioselectivity, and the reaction with ethyl vinyl 
ether was completely endo selective. 
5 
0 
~ .. ,C02Et 
OEt 
H OEt 
(±)-1.17 
OEt 
=< 1.16 
OEt 
benzene, reflux, 16 h 
81 % 
0 
~EWG 
1.11 (EWG = C02Et) 
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OEt 
=.! 1.18 0 
80- 90 °C, 24 h 
> 95% 
Co.:,C02Et 
H 'OEt 
(±)-1.19 
Scheme 1.3 IEDDA reactions of diene 1.11 (EWG = C02Et) with dienophiles 1.16 and 1.18. 
Diene 1.11 (EWG = C02Et) also reacted with enamine 1.20 to afford tricycle 1.23 
(Scheme 1.4). 12 Neither the IEDDA adduct 1.21 nor the new electron-deficient diene 
1.22, which would result from the elimination of morpholine from 1.22, was observed. 
An interesting feature of this reaction is that a new aromatic system was fonned , 
presumably via a domino IEDDA I elimination I transfer hydrogenation sequence (the 
enamine is the hydrogen acceptor). Over the ensuing decade, this very productive 
reaction was applied to other types of electron-deficient dienes (i. e. 1.12- 1.15) by the 
Bodwell group. 
0 
~EWG 
1.11 (EWG = C02Et) 1.21 
~ - NHR2 
45% 
1.23 1.22 
Scheme 1.4 IEDDA-driven domino reaction between diene 1.11 (EWG = C02Et) and enamine 
1.20. 
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1.3.2 Coumarin-based Dienes 1.12 
Dienes 1.12 (EWG = C02Me, CN, COMe, S02Ph) 13 are much more stable (more 
than six months at room temperature under air) than dienes 1.11. Presumably, the partial 
aromatic character of the 2-pyrone moiety in 1.12 contributes to the enhancement of 
stability. As expected, the higher stability is accompanied by lower reactivity. Diene 
1.12 (EWG = C02Me) did not react with ethyl vinyl ether (1.18) under a variety of 
conditions. However, 1.12 (EWG = C02Me) did react with a range of enamines 
including 1.24, 1.26, and 1.29 (Scheme 1.5), which have higher HOMO energies (- 7.48 
eV, - 7.50 eY, - 7.47 eY, respectively) than that of ethyl vinyl ether (1 .18) (-9.09 eV). 14 
C)-{J 
1.24 
43% 
1.25 
0 0 
G-<J 
1.26 
86% 
GR)O,M• • ~o,~ 
1.27 (20 : 1) 1.28 
1.12 (EWG = C02Me) 
Q<J 
1.29 
85% 
Scheme 1.5 lEODA reactions between diene 1.12 (EWG = C02Me) and enamines 1.24, 1.26, and 
1.29. 
The reaction of diene 1.12 (EWG = C02Me) with relatively unhindered enamines 
gave aromatized products, presumably via an lEODA I /3-elimination I transfer 
7 
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hydrogenation process. For example, the reaction of 1.12 (EWG = C02Me) with 
enamine 1.24 afforded the aromatized product 1.25 (Scheme 1.5). On the other hand, 
reactions with relatively hindered enamines afforded dihydroaromatic products. For 
instance, in the reaction of 1.12 (EWG = C02Me) with enamine 1.26, new dienes 1.27 
and 1.28 were formed. Similarly, diene 1.30 was obtained from the reaction of 1.12 
(EWG = C02Me) with enamine 1.29. In these cases, an initial IEDDA reaction 
presumably affords tetracycle 1.31 (Scheme 1.6), and this could be followed by a double 
bond migration process to give 1.32 or a ,8-elimination of pyrrolidine to give 1.33. A ,8-
elimination of pynolidine from 1.32 would afford diene 1.27. Diene 1.28 could come 
either from 1.27 via a double bond migration or from 1.33 via either a [1 ,5]-H shift or 
two successive double bond migrations. The activation energy (Ea) to [1 ,5]-H shift in 
1 ,3-cyclohexadiene has been calculated to be very high ( 41.9 kcal/mol), 15 so it seemed 
more likely at this stage that 1.28 originated from 1.27. 
1.32 
~ - HNR2 
6\s~M• 
1.27 
1.12 (EWG = C02Me) 
o-Nfl j CH2CI2. 0 rt, 3h 
1.26 
double bond 
migration 
0 H 
C02 Me 
NR2 - HNR2 
'-':: 
~ 
1.31 
double bond migration 
1.33 
~ [1 ,5]-H shift 
1.28 
Scheme 1.6 Plausible explanation for the fonnation of non-aromatized products 1.27 and 1.28. 
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The reason that 1.27, 1.28 and 1.30 did not undergo a transfer hydrogenation to 
afford aromatized products 1.34 and 1.35 (Figure 1.4) is most likely due to steric 
interactions across the bay region. Although it has been reported that the benzocoumatin 
framework can twist to reduce such steric interactions, 16 this process is most likely 
accompanied by the accumulation of some strain energy. AM I calculations 17 showed 
that compound 1.25 is planar (<Deale = 0°), while 1.34 and 1.35 are nonplanar. Both 
compounds have relative average torsion angles (<Deale) of more than 20° (Figure 1.4). lt 
thus appears that the amount of strain energy present in 1.34 and 1.35 is enough to render 
the respective transfer hydrogenation steps unfavourable. 
<Peale is the relative 
average torsion angle 
of indicated carbon atoms 
1.25 
ABCD: o• 
EBCF: o• 
EBCD: 180" (0") 
ABCF: 180° (0") 
Cl>calc: oo 
1.34 
ABCD: 24.0° 
EBCF: 17.7" 
EBCD: 161 " (19.0") 
ABCF: 155.3" (24 .7") 
<Peale: 21.4 • 
ABCD: 27.7° 
EBCF: 19.3" 
EBCD: 153.6" (26.4°) 
ABCF: 159.4 o (20.6") 
<!>calc: 23.5° 
Figure 1.4 The relative average torsion angles of 1.25, 1.34, and 1.35 (AM 1 calculation). 
1.3.3 Azadienes 1.13 and 1.14 
Like dienes 1.12, azadienes 1.13 and 1.14 (Figure 1.3) are quite stable. The e 
systems were investigated with the original aim of generating pyridocoumarins by way of 
IEDDA reactions with enamine dienophiles.18 
1.3.3.1 1-Azadienes 1.13 
Reaction of diene 1.13a with enamine 1.24 gave a mixture of 1.36 (1 %) and 1.37 
(37.%), while dienes 1.13b and 1.13c both yielded 1.38 as the only isolated product 
9 
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(Scheme 1.7). Formation of the desired product 1.36 can be explained by an lEODA 
reaction, followed by eliminations of p-toluenesulfonamide and pYJTOlidine (jn either 
order). On the other hand, the more abundant products 1.37 and 1.38 were fonned 
through pathways involving an initial 1 ,2-addition of the enamine 1.24 to the imine units 
of 1.13b- c. Clearly, the replacement of carbon by nitrogen at 1-position of the diene unit 
caused I ,2-addition to be favoured over cyclization either via a concerted (IEDDA) 
reaction or a stepwise (1 ,4-addition I Mannich) mechanism. 
1.13a: EWG = NHp-Ts 
1.13b: EWG = Nphth 
1.13c: EWG = p-Ts 
Q 6 1.24 
1.36 
1% 
+ 
1.37 
37% 
Scheme 1.7 IEDDA reactions of 1-azadienes 1.13a-c with enamine 1.24. 
1.3.3.2 2-Azadiene 1.14 
+ 
1.38 
53% 
77% 
As in the case of 1-azadiene 1.13, enamine 1.24 pmiicipated in a 1 ,2-addition to 
the imine unit of 2-azadiene 1.14 (EWG = p-C6H4N02) to afford product 1.39 in 95% 
yield (Scheme 1.8). Although 1.39 appeared to be poised to undergo cyclization, 
refluxing 1.39 in dichloromethane in the presence of p-TsOH met with only very limited 
success. A mixture of products 1.40 (15%), 1.41 (56%), and 1.42 (85%) was obtained, in 
which ring-closure occurred only in the least abundant product, 1.40. 
10 
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o-N~ 
1.24 
95% 
1.39 
l p-TsOH, CH2CI2, reflux 
N02 0 srNO, 6YNH, I 
+ 
""' 
+ 0 
h 
1.40 (15%) 1.41 (56%) 1.42 (85%) 
Scheme 1.8 IEDDA reaction of2-azadiene 1.14 (p-N02C6H4) with enamine 1.24. 
Alternatively, 2-azadiene 1.14 (EWG = p-N02C6H4) reacted with vinyl ether 
such as dihydrofuran (1.43) in the presence of a Lewis acid to afford a mixture of 
diastereomer 1.44. This is actually an example of the Povarov reaction. 19 Povarov 
adduct mixture 1.44 was then aromatized upon treatment with bromine to give 
pyrido[2,3-c)coumarin 1.45 in good yield (Scheme 1.9)?0 
0 1.43 
Yb(OTfh (5% mol) 
CH3CN, rt 
72% 
1.44 
93% 
1.45 
Scheme 1.9 Employment of the Povarov reaction for the synthesis ofpyrido[2,3-c]coumarin 1.45. 
1.3.4 Chromone-based Dienes 1.15 
Chromone-fused electron-deficient dienes such as 1.15 (EWG = C02Et)21 are 
very stable in air and were also found to undergo IEDDA reaction with enamine 1.24 
11 
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(Scheme 1.1 0). 2-Hydroxybenzophenone 1.48 was obtained as a single product, the 
origin of which can be accounted for by an lEODA reaction, followed by ,8-elimination 
of pyiTolidine and an internal elimination. Presumed intermediates 1.46 and 1.47 were 
not observed by tic. The expected transfer hydrogenation process to give the desired 
xanthone 1.49 did not occur. However, 2-hydroxybenzophenone 1.48 could be converted 
into diester 1.50, 11 ' 12·22 which is a useful precursor for the synthesis ofmetacyclophanes. 
Q 
0 
6 1.24 
0 
O(YvEWG benzene. reflux ~CO,EI I I 
0 78% -& 
1.15 (EWG = C02Et) 1.48 
48% 
EI02CnC0 2EI 
,.~ 1.50 
!lEODA 1-ROH 
r~CO,Ej f: 0 co,Ej - HNR2 I NR2 ~ 0 
1.46 1.49 
Scheme 1.10 lEODA reaction of diene 1.15 (EWG = C02Et) with enamine 1.24. 
In summary, electron-deficient dienes 1.11- 1.15 (Figure 1.3) have been 
developed by the Bodwell group and their lEODA chemistry has been investigated. The 
heterocyclic moieties dramatically increase the stability of these dienes. In the cases of 
dienes 1.11 and 1.15, an IEDDA-driven domino reaction occmTed smoothly to afford 
aromatized products such as 1.23 (Scheme 1.4) and 1.48 (Scheme 1.1 0), respectively. As 
described in the following Chapters, similar approaches were employed in this work to 
synthesize xanthones and xanthonoid aromatic systems. 
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1.4 Xanthone 
1.4.1 Structure, Nomenclature, Classification, and Properties 
The crystal structure of the parent xanthone 1.51 (Figure 1.5) was first reported in 
198223 and then redetennined eight years later.24 This tricyclic aromatic compound has 
two benzenoid ring and one pyranoid ring, in which the central ring ha a partial, albeit 
slight, aromatic character due to the conjugation of C=O bond with the endocyclic 
oxygen atom. The molecule is essentially planar in the crystal, containing torsion angles 
of3.7° and 2.0° between the pyranoid ting and the two benzene ring , which adopt a very 
flattened boat confonnation? 5 
Figure 1.5 X-ray crystal structure of xanthone 1.51.2~-25 
Three different names have been used to describe compound 1.51: xanthone, 9H-
xanthene-9-one and dibenzo-4H-pyran-4-one. 26 The first two names are the most 
commonly u ed in the literature. The numbering of xanthone is also not always 
consistent in the literature.27 In this thesis, the IUPAC provi ional recommendation in 
the year 200428 will be employed (Figure 1.6). 
9 
~ 
~0~ 
9H-xanthene 
4 
o: 0 
4H-pyran 
Figure 1.6 The xanthone skeleton with the IUP AC numbering recommendation. 
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More than 500 naturally-occuning xanthones, which have been isolated from 
higher plants, fungi and lichens, were reported in only a four-year period (2000-2004).27 
Depending on the nature of the substituents on the xanthone scaffold, naturally-occurring 
xanthones are classified into six main categories: simple xanthones, prenyllated 
xanthones, xanthone glycosides, xanthonolignoids, bis-xanthones, and miscellanous 
xanthones. Representative examples 1.52- 1.57 are shown in Figure 1 .7. 
Me 
0 
0 
Me 
C02H 
simple xanthones 
1.52 
xanthonolignoids 
1.55 
OH 
MeO 
MeO 
OH OH OH 
prenyllated xanthones xanthone glycosides 
1.53 1.54 
OH 0 OH 
OH 
OMe 
bis-xanthones miscellanous xanthones 
1.56 1.57 
Figure 1.7 Examples of the six different classifications ofnaturally-occuning xanthones.27 
OH 
Xanthones have attracted the attention of chemists and biochemists because of 
their potentially useful biological and pham1aceutical properties. Many naturally-
occurring and synthetic xanthones exhibit antioxidant, antibacterial, antitumor, and 
antimalarial behavior. Some "hit" compounds are listed in Figure 1.8. For example, 
compounds 1.58 and 1.59, extracted from Mangifera indica L. (mango) and Garcinia 
14 
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mangostana (mangosteen), were respectively commercialized as antioxidants under the 
names of Vimang® and Xango®. Psorospennin 1.60 and 5,6-dimethoxyxanthenone-4-
acetic acid (DMXAA) (1.61) are antitumor agents, while 2,3 ,4,5,6-
pentamethoxyX.anthone (X5) 1.62 is an antimalarial agent. 
1.58 (mangiferin) 
OMe 
Me 
OH 
Me 
(psorospermin) 
R' 
1.59a (a-mangostin): R = OMe, R' = OH 
1.59b ((3-mangostin): R = R' = OMe 
1.59c (y-mangostin): R = R' = OH 
~OH 
HO~O~OH 
OH OH 
1.61 COOH 1.62 
(DMXAA) (X5) 
Figure 1.8 Some examples of " hit" xanthone compounds.26 
1.4.2 Methodologies for the Synthesis of Xanthones 
The synthesis of xanthone derivatives has garnered much interest from organic 
chemists for more than a century. In the 1880s, an approach to xanthones involving 
distillation of a mixture of a phenol, an o-hydroxybenzoic acid and acetic anhydride was 
reported.29 Since then, a variety of other synthetic routes with higher yields have been 
developed. The most useful methodologies30 can be divided into two main types, namely 
"ring B construction" and "ring C construction" (Figure 1.9). The former involves the 
cyclization of benzophenone, aryl benzoate31 or diary] ether intennediates, while the 
15 
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latter relies upon ring expansion or cycloaddition reactions. Typical examples of each 
approach to xanthones are discussed below in chronological order. 
W= COCI, C02H, CN 
X= OH, OMe, H 
F riedei-Crafts 
Fries 
(lw I 
. X + OHM 
J """"~'" 
c(o 
rearrangement 
~o-Q ~OH X OH 
BENZOPHENONE 
cyclization 
ring B construction 
ARYL BENZOATE 
J ""''''' 
Ullmann 
coupling 
Smiles 
rearrangement 
cyclization 
W = C02H, C02Me 
X= F, Cl, Br, I 
DIARYL ETHER 
ring C construction 
XANTHONE 
1 "''"'' DA 
~ 
~O~EDG 
Figure 1.9 Useful approaches to xanthones. 
1.4.2.1 Synthesis of Xanthones via "ring B construction" 
Prior to the development of more practical two-step syntheses of xanthones, 
which proceed via benzophenone, aryl benzoate or diary] ether intennediates, a one-pot 
reaction was reported in 1955. This method, which came to be known as the Grover, 
Shah and Shah (GSS) reaction,32 directly produced xanthones. For example, upon 
heating of salicylic acid 1.63 and phenol 1.64 in the presence of zinc chloride and 
16 
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phosphoryl chloride, xanthone 1.66 was obtained, albeit in low yield, either with or 
without the observation of intem1ediate 1.65 (Scheme 1.11 ). 
O COOH + 
HO OH 
;c 
HO)l)__OH 
1.63 1.64 
ZnCI2, 
POCI3 
65- 70 ·c [ 
0 OH ] HOqpOH 
1.65 
Scheme 1.11 Synthesis ofxanthone 1.66 via the GSS reaction. 
-
~ HO~O~OH 
1.66 
More than 30 years later, it was discovered that the yields of the desired 
xanthones could be significantly improved by using Eaton' s reagent (P20 5-CH3S03H)33 
instead of ZnCb-POCh. For instance, xanthones 1.68 (Scheme 1.12) were obtained in 
much higher yields (73- 93%) than when using the original conditions (18-48%).34 
+ 
1.67 
[ R = H, Cl, Br. OMe ] 
Scheme 1.12 Synthesis of xanthones 1.68 via the modified GSS reaction. 
In the meantime, various two-step reactions involving benzophenone, aryl 
benzoate and diary] ether intermediates were being developed. First, benzophenone 
derivatives were commonly obtained by a Friedel-Crafts acylation of a phenol derivative 
1.69 with 2-hydroxybenzoyl chlmide (1.70) (Scheme 1.13). The subsequent cyclization 
step could then proceed via a nucleophilic substitution (R = 0Me)35 or an oxidative 
coupling (R = H). 36 
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OMe 0 OMeO NaOH OMeO Q Cl:o AICI3 60o (nucleophilic substitution) ceo + HO ~ ~ or K3[Fe(CN)6], NaOH R R OH 0 
(oxidative coupling) 
1.69 1.70 1.71a: R = OMe 1.72 
1.71b: R = H 
Scheme 1.13 Friedel-Crafts-based approach to xanthone 1. 72. 
A naturally-occurring xanthone, a-mangostin (1.59a) (Scheme 1.1 4 )37 was also 
synthesized via a benzophenone intennediate 1.75, but this intermediate was formed 
using the 1,2-addition ofthe carbanion derived from 1.73 to aldehyde 1.74, followed by 
an oxidation. Removal of the benzyl protecting groups in 1.75 afforded tetraol 1.76 which 
underwent a cyclization and deprotection of the MOM group upon treatment with PPh3-
CC14 and silica gel.38 The cyclization might have been initiated by phosphorylation of 
the phenol, followed by abstraction of triphenylphosphine oxide, whereas removal of the 
MOM protecting group was simultaneously effected by the presumed active species 
Me~ "' :n BnO OBn 
1.73 
MeO 
HO 
1.59a 
i. s-Buli, THF, - 78 •c 
OHC 7' ~ 
ii . ~MOM 
BnO ""'- I OBn 1·74 
iii. IBX, toluene:DMSO (1 :1), rt. 
37% (3 steps) 
PPh3, CC14, THF, rt 
then silica gel 
43% 
Scheme 1.14 Synthesis of a-mangostin 1.59a. 
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OMOM 
MeO 
BnO 
63% j 10% Pd/C, HC02NH4, 
acetone, rt 
0 OMOM 
MeO ~ 
HO HO OH OH 
1.76 
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Relatively few syntheses of xanthones via an aryl benzoate intennediate, either as 
a direct or an indirect precursor, have been reported. For example, xanthone 1.80 
(Scheme 1.15) was obtained from ester 1.79 via pyrolysis.39 Under these very harsh 
conditions, the desired xanthone was formed, but in a very low yield (14%). 
+ HO~ HO~ 
1.77 1.78 Me 
polyphosphate 
ester 
ao-9o ·c 
73% 6°~ HO~ 280-3oo ·c 14% 
1.79 Me 
Scheme 1.15 Synthesis of xanthone 1.80 from ester 1. 79 via pyrolysis. 
y¢Q 
Ph 1.80 Me 
Aryl benzoates can be transfom1ed into the cotTesponding benzophenones or 
diary] ethers through photo-Fries rearrangement or Smiles reaiTangement. This approach 
is usually taken when benzophenones or diary] ethers cannot be prepared satisfactorily 
using conventional methods. For example, Friedel-Crafts reaction between 2,3-
dimethoxybenzoic acid (1.81) and p-dimethoxybenzene (1.82) failed to produce 
benzophenone 1.83, which is a potential precursor of xanthone 1.84 (Scheme 1.16). 
Therefore, an alternative route to 1.84 involving photo-Fries reaiTangement of estet: 1.85 
was employed. Benzophenone 1.87 was obtained in moderate yield and then converted 
into the desired xanthone 1.84 via an acid-promoted demethylation (65%), and 
cyclization of 1.88 (71 % ). 40 
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0 OMe 0 OMe 0 
¢ POCI3 c;¢crOH y(OH / _____ __ __ ___ ._ + ZnCI2 / h Me 0 
OMe OMe OMe OMe OH 
1.81 1.82 1.83 1.84 
H2o, 225 ·c. j 71 o;. 
17h 
0 0 0 OH 0 OH 9(0-o-DM• HBr, QC¢ hv, 30- 40 •c y(OEt reflux, 4 h Me EtOH , 9 h Me 65% h 
OMe OMe OMe OMe OH OH 
1.85 1.86 (17%) 1.87 (43%) 1.88 
Scheme 1.16 Synthesis of xanthone 1.84 from ester 1.85 involving photo-Fries rearrangement. 
Similarly, diary! ether 1.91 could not be formed from sterically-hindered phenol 
1.89 and aryl bromide 1.90 via an Ullmann coupling (Scheme 1.17). Thus, diary! ether 
1.94 was prepared from aryl benzoate 1.92 via a Smiles rearrangement. Saponification of 
1.94, followed by an intramolecular Friedel-Crafts acylation of the resulting carboxylic 
acid furnished xanthone 1.95 in good yield.41 
i-Pr"n 
y oH 
i-Pr 
1.89 1.90 1.91 
0 l 0 I '·"« o-Q-co,M, NaH, DMF, i-Pr ~ 0 rt, 20 min ~tJyoN, ~ OH 90% 
i-Pr 
1.92 1.93 OMe 
~ 
0 0 1-PI# COOH i. aq. NaOH, EtOH, IPI'iDCD,M• reflux, 30 min 
~ I I,...;:; ~ I I ,...;:; 
0 ii . H2S04 , rt, 18 h 0 
i-Pr 77% (2 steps) i-Pr 
1.95 1.94 
Scheme 1.17 Synthesis of xanthone 1.95 from ester 1.92 involving Smiles rearrangement. 
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A typical example of a xanthone ynthesis proceeding through a diary! ether 
intem1ediate commenced with an Ullmann coupling between aryl halide 1.96 and phenol 
1.97 to give diary! ether 1.98 (Scheme 1.18). The subsequent hydrolysis of 1.98 gave 
carboxylic acid 1.99, which underwent a cycl ization either via a directed metalation42 or a 
Friedel-Crafts acylation to afford xanthones 1.100 and 1.101, respectively.43 
+ 
1.96 
~OH 
V oN 
1.100 
~OH 
~O)lAOH 
1.101 
}:oMe 
HOAJ 
1.97 
Cu, K2C03, pyridine 
reflux. 26 h 
41 % 
i. LOA, THF, 0 •c. 2 h 
ii. AICI3, toluene, reflux, 8 h 
i. MeCOCI, H2S04, rt, 10 min 
ii. AICI3, toluene, reflux, 8 h 
0 OMe 
c(Oo"' 
1.98 
98% MeOHfTHF/H20 NaOH, rt, 96 h 
do O HOMeOMe I""" 0 .b 
1.99 
Scheme 1.18 Synthesis of xanthones 1.100 and 1.101 via Ul lmann coupling and cyclization 
reactions. 
Dixanthone [sict4 1.106 was a! o synthesized via diary! ether intermediate 1.104, 
which was obtained from 1 ,5-dihydroxynaphthalene (1.1 02) and 1-cyano-2-
fluorobenzene (1.103) through nucleophi lic aromatic sub titution (Scheme 1. 19).45 The 
cyclization steps involved the superacid-promoted Houben-Hoesch reaction.46 The acidic 
hydrolysis ofthe resulting diimine 1.105 gave dixanthone 1.106 in low yield, 30%. 
21 
~ vy 
1.102 OH 
1.106 
1. K2C03, rt 
dimethylacetamide/toluene 
2
· Q-cN, reflux, 20 h 
F 81% 
1.103 
75% H2S04, reflux, 24 h 
30% 
Q-o~NC 
CN Lj----\0--b 
1.104 
61% 
i. CF3S03H, 5 d, rt 
ii. NaOH, 3d , rt 
1.105 
Scheme 1.19 ynthe is of"dixanthone'· 1.106 from 1.102 and 1.103. 
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A more efficient vmiant of the diary! ether approach is exemplified by a synthesi 
of the parent xanthone 1.51, in which diary! ether 1.108 was fir t obtained from a 
nucleophilic ubstitution reaction between 1-cyano-2-fluorobenzene (1.103) and 2-
bromophenol (1.107) (Scheme 1.20).47 A ring clo ure of 1.108 to giv xanthone 1.51 in 
82% yield was then achieved using an anionic cascade process initiated by halogen-metal 
exchange and ended with hydrolysis of intermediate 1.1()9. 
N 
C(N 
K2C03, DMF d"' """' Br)[) 100 · c. 48 h on + F HO .&- 95% 
1.103 1.107 1.108 
t~Boli, THF j 
- 78 ·c to rt. 12 h 
0 lo60J o6o NH4CI, H20 , 70 "C, 12 h 82% 0 
1.51 1.109 
Scheme 1.20 Synthesis of xanthone 1.51 via aryl ether 1.108 and an anionic cascade reaction. 
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Recently, Larock et a!. reported two new approaches to xanthones via diary! ether 
inte1mediates using a tandem coupling-cyclization and a palladium migration process. In 
the first method the coupling occurred via a nucleophilic addition of phenolate 1.113 to 
benzyne (1.114), which had been derived from methyl salicylate (1.110) and silylaryl 
triflate 1.111, respectively (Scheme 1.21 ). The resulting anion l.J 15 underwent 
cyCiization via a nucleophilic 1 ,2-addition to the carbonyl group, followed by an 
elimination of CsOMe to furnish xanthone 1.51. The yields of xanthone derivative 
obtained through thi method ranged from 51 to 83%.48 Diary! ether 1.112 was formed 
as a byproduct, likely as a result of the protonation of intem1ediate 1.115 with phenol 
1.110. 
0 
(JCC02Me o:TMS CsF (JCC02Me o6o + + OH OTf THF, 65 •c OPh 0 
1.110 1.111 1.112 1.51 
J C•F 11101 CsOMe 
~~] [ l [ ee l O OMe CsO OMe l(JCco, M• dg~ --~ d)o :::,... I e® + 0 Cs 
1.113 1.115 1.116 
Scheme 1.21 Synthesis of xanthone 1.51 via a tandem coupling-cyclization strategy. 
Larock ' s second method involved an intramolecular -H acti ation via a 
palladium migration process. Imine 1.119, which was generated in situ from aldehyde 
1.117 and amine 1.118, underwent a Pd-catalyzed cyclization, followed by an acidic 
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hydrolysis to afford xanthone 1.120 in yields ranging from 1 0 to 80%, depending upon 
the nature of the substituents (Scheme 1.22).49 
I~ 
0 H2N~ X-~O H(';Y ___ 1_.11_8_ U,....~ MgS04 toluene, 
100 ·c 
1.117 
X= H, Me, OMe, CF3, N02 
Y = H, OMe, Cl, i-Pr. Ph, 1-Bu, C02Me 
IX) 
:::,._1 
N 
x-((()' 
1.119 
i. Pd(OAch (5 mol%), 
(Ph2Ph CH2 (5 mol%), 
Cs02CCMe3, 
DMF, 100 •c 
ii.1 N HCI 
Scheme 1.22 Synthe i ofxanthones 1.120 via a palladium migration proces . 
~y 
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Larock's proposed mechanism for the formation of xanthone 1.120 (Scheme 1.23) 
commenced with an oxidative addition in the C-1 bond, followed by a migration of the 
palladium atom from the initial aryl site in intennediate 1.121 to the imidoyl position in 
intennediate 1.124 via palladacycle 1.122. lntem1ediate 1.125 could then be obtained 
from 1.124 via intramolecular arylation, which pre umably proceed through an 
electrophilic aromatic substitution50 or a proton-transfer mechanism .5 1 Thus, the 
cyclization step would be disfavoured in the presence of an EWG (X or Y) and be 
favoured in the presence of an EDG. Indeed xanthones bearing an EWG were obtained 
in low or moderate yields (1 0- 56%) while xanthones bearing an EDG were fanned in 
good yields (72- 80%). 
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Op-C6H4Y 
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Pd(O) 
NJQ 
X (( Pdl 
Op-C6H4Y 
1.121 
1.125 
~-o 
x-c(Pd +HI 
Op-C6H4Y 
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t N~ 
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Op-C6H4Y 
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-cCN-9 X ' H Op-C6H4Y 
1.123 
Scheme 1.23 Larock· proposed mechani m for synthesis of xanthon 1.120 via a palladium 
migration process. 
Most recently, another tandem coupling-cyclization involving salicylaldehyde 
(instead of salicylates in Larock ·s work) and silylaryl triflates wa reported (Scheme 
I .24). 52 The reaction between 1.126 and 1.111 occuned in a fa hi on analogous to that of 
1.110 and 1.111 (Scheme 1.21 ). However, xanthone 1.51 and xanthene 1.127 were 
obtained from xanthol 1.131 as a mixture in low to moderate, and roughly equal yields. 
~CHO 
~OH 
1.126 
1.128 
+ 
1.114 
TfO~ 
TMS~ 
1.111 
1.129 
CsF, MeCN 
19 h, rt 
~ l0l"~ 0 
1.51 (46%) 
t 
1.130 
+ oco 0 
1.127 (42%) 
t 
~ l0lo~ 
1.131 
Scheme 1.24 Tandem coupling-cyclization of alicylaldehyde 1.126 and ilylaryl triflate 1.111. 
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In summary, syntheses of xanthones via "ring B construction" have been 
established for over one hundred years. This two-step strategy involves the fom1ation of 
either a benzophenone or a diary! ether as a key intem1ediate, followed by a cyclization. 
In the first strategy, Friedel-'Crafts reaction, or an addition of a carbanion to an aldehyde, 
followed by an oxidation, can be used to fom1 benzophenone intermediates. The 
cyclization can occur via dehydration, nucleophilic aromatic substitution, or oxidative 
coupling. In the second route, a diary! ether can be prepared by Ullmann coupling, 
nucleophilic aromatic substitution, or nucleophilic addition . The cyclization can then be 
canied out by a Friedel-Crafts reaction, a nucleophilic addition to an ester carbonyl, or a 
palladium-catalyzed 1ing closure. In the event that a benzophenone or a diary! ether 
cannot be prepared using the conventional methods, photo-Fries or Smiles 
rearrangements can be used. 
1.4.2.2 Synthesis of Xanthones via "ring C construction" 
In this approach, xanthones can be formed in only one step from the final 
precursors via a Diels-Alder reaction, a cascade-type reaction, or a Michael reaction. 
Initial work using the Diels-Alder reaction to achieve xanthones found that both 
normal and inverse electron demand Diels-Alder reactions between 2-vinylchromones 
and dienophiles gave [ 4+2] adducts (so-called xanthone derivatives), but they did not 
react further to afford xanthones with aromatized C-rings. 53 However, aromatization 
could be achieved when the dienes and dienophiles were appropriately modified. For 
example, in the nom1al Diels-Alder reaction between electron-rich dienes 1.132 and 
electron-deficient dienophiles such as 1.133 (Scheme 1.25),54 the elimination of 
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dimethylamine aided the aromatization of adduct intennediates 1.134 to fom1 xanthone 
1.135. It seems likely that a transfer hydrogenation step completed the aromatization. 
R~ ~O~NMe2 
1.132 
( R = H, Me ] 
Ph 
0~0 
1.133 
DMF, reflux I 0 I 0 NPh "ti.:, 1.134 R 1.135 
(35-40%) 
Scheme 1.25 Normal Diet -Alder reaction between diene 1.132 and dienophile 1.133. 
Surpri ingly, when dienes 1.132 reacted with dimethyl acetylenedicarboxylate 
(DMAD) (1.136), a [2+2] cycloaddition occulTed instead of the anticipated [ 4+2] 
cycloaddition (Scheme 1.26). A subsequent ca cade reaction then took placed, including 
a 4n-electrocyclic ring opening to give 1.138, a 6n-electrocyclcic ring closure and a fJ-
elimination of dimethylamine to f01m xanthones 1.139.54 
0 Me02C == C02Me l"~~~l R~ 1.136 '?' I I :::,... 0 .-9 NMe2 DMF, reflux 0 C02Me 
1.132 1.137 
[ R =H. Me] 1~ 
0 l 0 NMo0 l R~C02Me R~C02Me I I 
:::,... 0 ~ C02Me (35-40%) :::,... 0 ~ C02Me 
1.139 1.138 
Scheme 1.26 Nom1al Diets-Alder reaction between dienes 1.132 and DMAD (1.136). 
In a related example, diene 1.141, which was a minor product obtained from the 
reaction of xanthone derivative 1.14055 with p-TsOH in methanol, participated in a Die! -
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Alder reaction with DMAD (1.136), followed by a retro ·oiels-Alder elimination of 
ethylene to afford xanthone diester 1.143 in 69% yield (Scheme 1.27).56 
~ ~o)J p-TsOH. MeOH ~ ~o)l) 
1.140 1.141 
Me02C == C02Me PhBr, reflux, 4 d 
1.136 
69% 
Scheme 1.27 Normal Diels-Alder reaction between diene 1.141 and DMAD (1.136). 
The IEDDA-based approach to xanthones resembles the normal Diets-Alder-
based approach in that a dialkylamino group wa used to both activate the electron-rich 
component and serve as a leaving group after the cycloaddition. Enamines, which can be 
easily prepared fi·om the reaction between an aldehyde or a ketone with an amine, have 
been employed as dienophiles in these lEODA reactions. For example, lEODA reaction 
between diene 1.144 and enamme 1.145, which were obtain d by refluxing the 
corresponding ketones with a catalytic amount of pyrrolidine, provided a mixture of 
xanthones 1.147 and dienes 1.148 in moderate to good yields (Scheme 1.28).57 
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0 
R' ~ ~O~R 
1.144 
[ R..r~: l [R' ~] 
reflux ~O~R 
1.146 
R = Ph, 2-thienyl , 2-furyl 
R' = H, Me, OMe 
R" = H, Me 
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R'~R" 
U OU R 
1.147 
(37- 76%) 
1.148 
(15- 36%) 
Scheme 1.28 lEDDA reaction between dienes 1.144 and dienophiles 1.145. 
The formation of the desjred xanthones 1.147 was postulated to proceed through 
byproducts 1.148, which were pre umed to come from adducts 1.146 through an 
isomerization and an elimination of pynolidine at the less-hindered site (Scheme I .29). 
The exocyclic double bond in 1.148 then migrated into the ring to fonn intennediate 
1.150, which underwent an oxidation reaction to afford xanthone 1.147. The minor 
products 1.148, which were not completely converted into 1.147, could be then converted 
into the de ired xanthones 1.147 by h-eatment with strong acids such as AcOH I H2S04. 
[ 0 0] [ 0 0] 
-c6Cc R oc~X:( isomerization RaXX: elimination R" R' 0 R 
1.146 1.149 1.148 l double bond 
migration 
R'dtcR' lR·-aXx:·] R = Ph, 2-thienyl , 2-furyl 0 2 R' = H, Me, OMe R" = H, Me ~ 0 b R 
1.147 1.150 
Scheme 1.29 Po tulated mechanism to explain the fonnation of xanthones 1.147 and diene 
1.148. 
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Another method to synthesize xanthones involved the I ,2-addition of 
organolithium reagents to dithiane-protected y-benzopyrone-fused cyclobutenediones 
(Scheme 1.30).58 Addition of an organolithium compound to the less-hindered carbonyl 
group in 1.151,59 followed by an 0-acylation of the resulting alkoxide gave intem1ediates 
1.153. These un table cyclobutenes immediately underwent a 4rr-electrocyclic ring 
opening and a subsequent 6rr-electrocyclic ring closure I tautomerization to afford 
· dithiane-protected compounds 1.155. Dethianation under standard conditions59 furnished 
the desired xanthones 1.156 in moderate yields. Similarly, xanthone-fu ed 
heteroaromatic ystem such as 1.159 were ynthesized in moderate to good yields from 
dithianes 1.151 and organolithium reagents 1.157. 
1.151 
R4 
i. u-<X 1.157 ii. Ac20 , rt 
X Rs 
THF, -78 "C 
OAc 
1.158: Z = S(CH2hS 
1.159: z = 0 , 30- 62% 
(2 steps) 
R2 
. 1/ 
I. Li ---<( 3 1.152 
R 
THF, -78 "C 
R1 = H, OMe 
R2 =Ph, R3 = H 
R2R3 = -CH=CHO-
R4, R5 = H, SiMe3 
X= -CH=CH-, S, 0 
1.154 
1.155: Z = S(CH2hS 
1.156: z = 0 , 21- 39% 
(2 steps) 
Scheme 1.30 Synthesis of xanthones 1.156 and 1.159 from reaction of organolithium reagents 
1.152 or 1.157 with compounds 1.151. 
30 
Chapter I 
The most recent report of a new xanthone synthesis described the condensation of 
a benzopyranophthalide with acyclic or cyclic Michael acceptors (Scheme 1.31 ).60 
Carbanion 1.163, which was derived from 1.160, unde1went a conjugate addition to 
1.161 , followed by a nucleophilic ring closure to give tricyclic intem1ediate 1.165, which 
then aromatized to fonn xanthone 1.162 in excellent yield. The precursor 1.160 wa 
prepared m five steps from the commercially available compounds 
o-hydroxypropiophenone and ethyl chlorooxoacetate.60•61 
aX:" 0 OH ~ LiOI-Bu ~ R, + 0 R2 88% :::,... R2 (R1 = Me; R2 = OMe) 0 0 0 OH 0 
1.160 1.161 1.162 
J UOI-B" 1 '"m";,,.;oo 
rocX:" ~ cOX] R, 1 I I o ~R2 - R2 -:::,... 0 R 2 0 Co 0 0 0 0 
1.164 e 1.165 1.163 1.161 
Scheme 1.31 Synthesis ofxanthones 1.162 from 1.160 and 1.161. 
In summary, xanthones have been synthesized via the " ring C construction"' 
approach u ing both normal and inver e Diels-Aider reactions, I ,2-addition of 
organolithium reagents to dithiane-protected y-benzopyrone-fused cyclobutenedione , or 
condensation ofbenzopyranophthalides with acyclic or cyclic Michael acceptors. · 
Overall, a variety of synthetic approaches to xanthone through ring B or ring C 
are available. The older methods are reliable and can usually be performed on a larger 
scale, but can be limited in their scope and I or give only moderate yield . The more 
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modem methods (developed smce the 1990s) tend to involve more impressive 
transformations, have broader scope and I or allow access to more elaborate xanthones. 
1.5 Heteroacenes 
1.5.1 Historical Development of Heteroacenes 
The imp01iance and perfom1ance of organic electronic I optoelectronic devices 
have both significantly increased over the last twenty years. Three common classes of 
such device are organic field-effect transi tors (OFETs, al o known as thin-film 
transistors, TFTs), organic photovoltaic devices (OPVs) and organic light-emitting diode 
(OLEDs). Organic systems used for OLEDs must have a high fluorescence quantum 
yield, and all of the above devices require the organic system to have high charge carrier 
mobility for optimal performance. This latter property is strongly correlated to molecular 
packing in the solid state as well as the energies and intennolecular overlap between 
HOMOs and LUMOs.62·63 In general, charge carrier mobility, which reflects the ease 
with which an electron (or hole) can be transfen·ed from the HOMO of one molecule to 
the LUMO of its neighbour, tends to increase as face-to-face molecular packing becomes 
closer and more compact. The same is true as the HOMO-LUMO gap becomes 
narrower. However, a high-lying HOMO in conjunction with a nan·ow band gap render 
an organic molecule sensitive to photooxidation, resulting in the deterioration of 
semiconductor performance under ambient conditions. As such, the requirements for an 
ideal organic molecular candidate in organic device applications are (1) close (face-to-
face) molecular packing in the solid state; (2) nanow HOMO-LUMO gap; (3) low 
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HOMO energy; and (4) reasonable solubility m common solvents, which facilitates 
processing and device fabrication. 
· Acene-type compounds are one of the most widely tudied classes of organic 
molecules for the applications in the device di cussed above. For example, high-quality 
FET devices made fi·om thin films of pentacene (1.166) (Figure 1.1 0) have shown much 
higher levels of charge carrier mobility (5 cm2 v·' s·1) 64 compared to that of amorphous 
silicon (0.5 cm2 v·' s·1).62 Presumably, the high mobility ofpentacene originates fi·om it 
highly ordered and close molecular packing in the solid state, which promotes n- n 
interactions between adjacent molecules.65 Higher acenes, such a hexacene (1.167) and 
heptacene (1.168), which show smaller HOMO-LUMO gaps than that of pentacene, are 
predicted to exhibit uperior electronic propetiies.66 However, the low solubility and 
inherent instability of these higher, linearly-fused and solely carbon-based acenes have 
limited their accessibility for proper study for applications. 
1.166 1.167 1.168 
Figure 1.10 xamples of linear acenes. 
A curr nt scientific challenge is to dev~Jop new organic materials, which exhibit 
both high charge carrier mobility and high stability under ambient conditions. The 
introduction of heteroatoms into fused-ring systems has been one of the recent major 
approaches to modify the physical and chemical properties of "ladder-type'' acenes.67 
Modified sy terns such as anthradithiophenes 1.16968 and indolocarbazoles 1.17069 
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(Figure 1.11) are more stable than pentacene and show relatively high charge carrier 
mobility (0.14- 1.0 cm2 v·' s· ') . 
TMS 
II 
'<::: 
CsH13 
.0 
CsH13 
II 
TMS 
1.169 1.170 
Figure 1.11 xamples of modified pentacene systems. 
Several types of ladder-type heteroacenes (see below for a definition of this term) 
have been developed and studied. Among the heteroatoms (S, N, 0 , B, P, Si , Se, and Te) 
that have been used to modify acene systems, the first three of these have been widely 
employed, whereas the others have been u ed infrequently. 
1.5.2 Classifications and Nomenclatures of Heteroacenes 
The term "heteroacenes'· refers to acene derivatives in which one or more of the 
carbocyclic rings is replaced by a heteroaromatic ring. Therefore, heteroacenes are, like 
the parent acene , classified according to the total number of ring in the ystem. The 
prefix "hetero'· is added before the name of acenes to denote the presence of at least one 
heteroaromatic ring (Table 1.1 ). 
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Table 1.1 Classifications and general nomenclatures of heteroacenes. 
COD Heteroacenes Heteroacenes Acenes ~ 
n (literature} (this work) 
n = 1 anthracene heteroanthracene hetero[3]acene 
n=2 tetracene heterotetracene hetero[4]acene 
n=3 pentacene heteropentacene hetero[S]acene 
n=4 hexacene heterohexacene hetero[6]acene 
n=n hetero[n]acene 
In this thesis, the Greek prefix (such as tetra, penta, etc.) indicating the number of 
nngs will be replaced by an Arabic number in square brackets.7° For example, a 
heteropentacene will be named as a hetero[5]acene. As such, the general term 
hetero[n ]acenes (n 2: 1) can be used for all types of heteroacenes, some examples of 
which are given in Figure 1.12. 
Because of the great diversity of heteroacenes, individual heteroacenes are called 
by common names in most cases. For example: "bis(dithienothiophene)" 1.171/ 1 
"diphenyldi( chalcogenophene )s" 1.172, 72 "his-silicon-bridged sti lbene" 1.173, 73 "bis-
phosphoryl-bridged stilbene" 1.174, 74 "diazadihydropentacene" 1.175/ 5 "dibenzo[d,d ']-
benzo[ 1 ,2-b:4,5-b ']difurans" (1.176), 76 "thiophene-based heteroacenes" 1.177 and 
1.179, 77 " ladder-type fused-azaborine" 1.178. 78 Clearly, these names convey the desired 
infonnation, but they are not consistent with one another. The development of an 
unambiguous system of nomenclature for heteroacenes would be a timel y and useful 
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contribution. However, this will be a very challenging and potentially contentiou 
undertaking. 
hetero(3tacenes 
(heteroanthracenes) 
hetero(4tacenes 
(heterotetracenes) 
hetero(5!acenes 
(heteropentacenes) 
hetero[6tacenes 
(heterohexacenes) 
hetero[7tacenes 
(heteroheptacenes) 
hetero[8!acenes 
(heterooctacenes) 
/ s, /s,~ \DJ ' s/ ' s/ 
s 
1.171 1.172: X= S, Se, Te 
0 Ph 
0:/'o /,-~ --
0 Ph 
' .•' 
OcPo 
' ·., 
1.173 1.174 
ro~ro r-(,0~ ~-)=/ 0 
H 
1.175 1.176 
~TIPS 
TIPS S S S 
1.177 
Mes Me Mes 
RyyB"r(YNYYBliYR 
~MM~ 
TIPS 
N B N 
I I I 
Me Mes Me 
1.178 
s 
1.179 
TIPS 
Figure 1.12 Examples ofhetero[n]acen.e . 
1.5.3 Common Acene-type Packing Motifs 
There are two common packing motifs adopted by acene-type compounds in the 
solid state that result in strong intermolecular interactions, i.e. the ''herringbone'· and n-
stacking motifs (Figure 1.13).62 
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1.180: R=Me 
·=-·:E•:• ···~~··· 
0 e:;:;=; ;• 
1.181: R=Et 1.182: R = i-Pr 
Figure 1.13 ' ' Herringbone" (top) and n-stacking (bottom) arrangements of pentacenes 1.180-
1.182. 
In the classic "heiTingbone" arrangement, the edge of one acene molecule 
interacts with the face of another acene molecule. This arrangement is also called ''edge-
to-face' -. Alternatively, the molecules can adopt a parallel arrangement, which is refen· d 
to as "face-to-face" or "n-stacking". The heningbone arrangement yields two-
dimensional electronic coupling while n-stacking one can yield one- or two-dimensional 
interactions. 
1.5.4 Relationships between Charge Carrier Mobility and Molecular Structures 
It has been known that charge carrier mobility depends on molecular packing, 
HOMO energies and the HOMO-LUMO gap. However, it has proved to be very difficult 
to exploit any of these benchmarks to effectively tune the charge-carrier-mobility of a 
parent system because even small changes in molecular structure can ignificantly affect 
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the key properties (especially solid state packing), but not necessarily in complementary 
ways. A further complication is that charge carrier mobility measurements obtained 
using different methods tend to vary for the same molecule. The error depends heavily 
on the specific technique and the level of the worker's expertise. Therefore, charge 
carrier mobility values should be viewed cautiously. 
Generally, it is very hard to pinpoint which feature of the molecular packing 
motif, distance between two molecules (interplanar distance), or HOMO-LUMO gap 
more strongly affects the charge carrier mobility. Among its derivatives (Table 1.2), 
pentacene, which has the longest interplanar distance and smallest HOMO-LUMO gap, 
showed the highest charge canier mobility. In this case, it seems that the HOMO-LUMO 
gap plays the most important role. Compounds 1.183 79 and 1.18480 have essentially the 
same interplanar distances. However, due to the n-stacking anangement and a slightly 
smaller HOMO-LUMO gap, the latter has charge carrier mobility 4.5 times higher than 
that of the former. Apparently, both the packing motif and HOMO-LUMO gap were 
involved in this case. 
It is interesting to note that different substituents can strongly influence charge 
canier mobility. For example, compound 1.186,81 •82 which bears p-octylphenyl groups 
exhibited a twelve-fold higher charge carrier mobility than 1.185,81·82 which bears ann-
octyl group. ln this case, the HOMO-LUMO gap was not a dominant factor as 1.186 has 
a significantly larger band gap. Presumably, the compact molecular packing resulting 
from n-stacking between the acene frameworks as well as between the phenyl groups 
enhanced the charge carrier ability. 
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Table 1.2 Relationship between charge canier mobility and molecular structures. 
Acene-type 
compounds 
1.166 
As~ 
~-)=) s 
1.183 
s s s 
OOJr:5_) 
s s 
1.184 
R 
I 
0-v:-f:J 
N 
I 
R 
1.185: R = n-octyl 
R 
I 
N .N -~ 
~--)=/ N 
I 
R 
1.186: R = p-octylphenyl 
b 
Packing motifs 
(single crystal) 
rr-stackin 
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Minimal 
interplanar 
distance 
(A) 
6.27 
3.52 
3.50 
3.49 
3.44 
HOMO-
LUMO 
gap 
(exp, eV) 
3.3 
3.2 
2.65 
2.80 
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Mobility 
(cm2 V'1 s'1) 
5oo x 1 o·2 
4.5 X 10'2 
0.3x1o·2 
12 X 10'2 
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In some cases in which a single crystal could not be obtained, polycrystals on a 
thin film were subjected directly to charge carrier mobility measurement (Table 1.3). 
Table 1.3 Relationship between charge carrier mobility and molecular structures.83 
Acene-type Packing motifs Mobility 
compounds (cm2 v·1 s"1) 
t(JCCQ 
s Polycrystals (thin film} 9 X 10-2 
1.187 
H 
roNm N ~ ~ Polycrystals (thin film} 5 X 10-5 
H 
1.175 
H (XN:():Nl) N ::,... "N ~ Polycrystals (thin film} 2 X 10-2 
H 
1.188 
Although the charge carrier mobility of a molecule is not predictable based on the 
packing motif, interplanar distance, or HOMO-LUMO gap, these factors are neveJiheless 
important, not only for the fundamental purposes of broadly characterizing new 
compounds and understanding their physical and chemical properties, but also in the 
broader context of developing new organic systems for potential applications in 
optoelectronic devices. 
1.5.5 Major Interest: Xanthonoid Hetero[5]acenes 
Only three types of xanthonoid hetero[5]acenes have been reported, namely 
benzofuroxanthones, indoloxanthones, and dixanthones. These heteroacene systems 
attracted interest because of their phannaceutical prope1iies rather than physical 
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prope1iies. In particular, dibenzofurans are known to exhibit antifungal and antibacterial 
. . 84 
activity. Likewise, the indole nucleus is associated with a broad range of 
phannaceutical prope1iies such as antibacterial,85 anticancer,85 antibiotic,86 antifungal,87 
and central nervou ystem modulating.88 Thus, the combination of a xanthone moiety, 
which also exhibit a variety of biological activities ( ee Section 1.4.1 ), and either 
benzofuran or indole moieties might be expected to give rise to new biologically-active 
molecular frameworks. 
One of the first xanthonoid heteroacenes to be synthesized wa 
benzofuroxanthone 1.192, which was repmied by Kamel et a/. in 1973 (Scheme 1.32). 89 
The xanthone moiety in 1.192 was constructed via a pyrolysis of ester 1.191 , which wa 
obtained from a-hydroxy acid 1.189 and 4-methylphenol (1.190) via an esterification. 
The isolated yield of 1.192 was not repmied. 
~o'r\ 
HO
HO 
1.189 
r('YOH. 
Me~ 
1.190 
P20 5, xylene. MeY) 0 ~0 
__ re_fl_ux-'-, _3 _h _ ~o~l '-':: 0 \._ _3_os_ ·_c_. 1_0_h._ Me 7' "-":: o 
70% HO :::,_ I 0 I ~ f_ ~ 
1.191 1.192 
Scheme 1.32 Synthe i of benzofuroxanthone 1.192. 
Alternatively, the GSS reaction32 was employed to build xanthone moieties in th 
angular benzofuroxanthone 1.195 and the linear one 1.198 (Scheme 1.33).90 Xanthone 
derivative 1.194 was obtained in 50% yield from phloroglucinol (1.64) and 2-
hydroxyacid 1.193 via a GSS reaction. Methylation of 1.194, followed by an 
aromatization of the resulting diether gave the desired benzofuroxanthone 1.195 in good 
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yield. Linear benzo-furoxanthone 1.198 was synthesized m the arne fashion from 
dibenzofuran ester 1.196. 
H02C 
HO-b:D 
0 
1.196 
OH 
A 1.64 
HOV OH 
ZnCI2 , POCI3, 
70- 75 ·c. 2 h 
OH 0 
50% HO 
1.64 
ZnC12 , POC13, 
70- 75 ·c. 2 h 
57% HO~ 
1.197 
i. K2C03, Me2S04, 
acetone, reflux, 
46 h, 83% 
ii. DDQ, benzene, 
reflux, 72 h, 66% 
OMeO 
MeO 
i. K2C03, Me2S04, O O 
acetone, reflux, RDYMe 
46 h, 67% 
-ii._D_D_Q_,-be-n-ze-n-e.- MeO 0 0 
reflux, 72 h, 85% 
1.198 
Scheme 1.33 Syntheses of benzofuroxanthones 1.196 and 1.198. 
The GSS reaction was also attempted for synthesis of the angular indoloxanthone 
1.203 (Scheme 1.34),91 but only Friedel-Crafts reaction occurred between hydroxyacid 
1.199 and carbazole 1.200 to give mono- and di-acylation products 1.201 and 1.202, 
respectively. Dehydration of intermediate 1.201 under acid catalysis afforded the angular 
indoloxanthone 1.203 in good yield. 
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1.199 
HO~ 
1.200 Me 
ZnCI2, POCI3, 
so •c. 12h 
0 
75% 
(36%) 
cat. H2S04, J 87% 
EIOH, reflux. 24 h 
0 
Scheme 1.34 Synthesis of the angular indoloxanthone 1.203. 
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Another approach to indoloxanthones involved the 1 ,2-addition of an 
organolithium reagent 1.205 to dithiane-protected y-benzopyrone-fused 
cyclobutenediones, uch as 1.204 (Scheme 1.35).58 The linear indo1oxanthone 1.206 was 
obtained in 43% yield (see Scheme 1.31 for the proposed mechanism). 
1.204 
i.Li~ ~N~
Me 
THF, -78 •c 
ii. A~O. rt 
iii. HgCI2 
1.205 
Scheme 1.35 Synthesis of the linear indoloxanthone 1.206. 
OAc 
1.206 
43% (3 steps) 
Chromonoxanthones or so-called dixanthones have also received ome interest. 
In 1934, a multi-step synthesis of 1.210 was reported including a condensation of 
dibromo compound 1.207 with phenol (1.209), followed by functional group 
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interchanges and a cyclization. Some yields were not mentioned but the reported yield 
were good (Scheme 1.36).92 
0 
Et02C» Br 
I I 
Br C02Et 
0 
1.207 
i. pyridine, acetone 
HO~ 
1.208 v 
80% 
Scheme 1.36 Multi-step synthesis of dixanthone 1.210. 
i. K, EtOH, 96% 
ii. BzCI, 89% 
1.210 
OH 0 
Using the ame strategy a the ynthesi of 1.210, i.e. via an intem1ediate diary) 
ether, compound 1.214 was also obtained via two steps in comparable yields (Scheme 
1.37).93 The yield of the cyclization step was much improved u ing PCI5 and AICh in 
comparison with POCh. 
HOOC'l(YBr 
Br~COOH 
1.211 
NaO~ 
1.212 v 
Cu powder, 205 
65% 
HOOC O UXXD 
O COOH 
1.213 
Scheme 1.37 Two-step synthesis of dixanthone 1.214. 
POCI3 
12o- 125 · c 
68% 
or 
PCJ5, AICJ3 
nitrobenzene 
89% 
0 
1.214 
Altematively, a high-yielding two-step synthesis of dixanthone 1.218 was 
achieved via a dibenzophenone intermediate, which consisted of a double Friedei-Craft 
acylation between 2-fluorobenzoic acid (1.215) and resorcinol 1.216 (80%) in the 
presence of poly(phosphoric acid) (PPA), followed by a double intramolecular 
nucleophilic aromatic substitution of intermediate 1.217 (80%) (Scheme 1.38).94 
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0 F 0 0 F 0 0 
D PPA, 130 •c C6cC6 aq. 8% NaOH oCcCo cCOH reflux, 48 h F + HO OH 80% HO OH 80% 0 0 
1.215 1.216 1.217 1.218 
Scheme 1.38 Two- tep synthesis of dixanthone 1.218. 
The angular dixanthone 1.224 (Scheme 1.39)45 wa ynthe ized usmg the 
approach for compound 1.106 (Scheme 1.19). In this case, the regioselectivity of 
cyclization onto the resorcinol-derived dinitrile 1.219 (1 ,2,3,4- rather than I ,3,4,6-
substitution) may result from stabilization of the intetmediate 1.221 by intramolecular 
hydrogen bonding. 
~ cl":6 CN 
0 
1.219 
1.224 
50% H2S04, 
120 ·c. 24 h 
69% 
1.223 
Scheme 1.39 The synthesi of dixanthone 1.224. 
1.6 Aims of This Work 
1.220 
1 N NaOH, 
25 ·c. 4 h 
88% 
vs 
H <±>,H, ('n 
' N '0~ 
4 
' 
. 
0 1 
1.221 
The research described in thi dis ertation deals primarily with the development 
of new methodology for the synthesis of xanthones as well as the de ign, synthesis and 
physical properties of new xanthones and more elaborate xanthone-containing molecules. 
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An offshoot of this work was concerned with the development of synthetic approache to 
novel cyclooligophenylenes. 
The first objective was to employ the IEDDA reaction tn a new approach to 
xanthones. Specifically, IEDDA-driven domino reactions betw en chromone-fu ed 
dienes 1.15 and electron-rich dienophile such as 1.225- 1.227 (Figure 1.14) were 
investigated a a means of fonning 4-methoxyxanthones 1.228, 3,4-dimethoxyxanthones 
1.229, and 4-phenylxanthones 1.230 (Figure 1.15). 
~Em 
0 
1.15 
MeO 0 
>==< MeO H 
1.225 
MeO OMe 
>==< MeO OMe 
1.226 
Figure 1.14 Dienes 1.15 and selected electron-rich dienophiles 1.225- 1.227. 
1.227 
The econd objective was to extend some of the newly- ynthe ized xanthones into 
more complex tructure , which may exhibit potentially exploitable phy ical properties. 
For example, hetero[5]acenes 1.231 and 1.232 were selected a targets because they may 
have potential applications in electronic and optoelectronic device . 
The initial targets, i.e. 1.228 and 1.229, were chosen with an eye toward 
subsequent extension of the methodology. For instance, 3,4-dimethoxyxanthone 1.229 
(EWG = 2-fluorobenzoyl) was envisioned as being a precur or to xanthonoid 
hetero[5]acene 1.231 (so-called dixanthone).94 Other xanthonoid hetero[5]acenes, such 
as 1.232 (an indoloxanthone)91 could conceivably be obtained from 1.228 (EWG = o-
nitrophenyl). The novel cyclooligophenylene 1.233 was slated also to be constructed 
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using the synthetic methodology used previously in the Bodwell group for the formation 
of 2-hydroxybenzophenones (see Scheme 1.1 0). 
0 
~R ~oAf [ R = EWG or aryl ] 
lEODA 
OMe 
1.232 
(R =alkyl) 
1.230 Ph 
lEODA l 
~EWG 
0 
1.15 
lEODA 
Figure 1.15 Target structures via lEODA approaches. 
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Chapter 2 
Chapter 2 
Synthesis and Physical Properties of 2-Substituted 
4-Methoxyxanthones and 3,4-Dimethoxyxanthones 
2.1 Introduction 
4-Methoxy- and 3,4-dimethoxyxanthone skeletons 1.228 and 1.229 are found in 
naturally-occurring xanthones such as 2.1- 2.3 1 and 2.4- 2.72, respectively (Figure 2.1 ). 
OH 0 OH 0 0 OH 
c$ ~ RO -::? ::,... 0 h Me COOH c 2.1 OMe 2.2 OMe OH 2.3 OMe 
0 0 CHO OH 0 OH 0 
o¢y ~ -::? OH OMe 
2.4 OH 2.5 OH 2.6 OMe 
Figure 2.1 Examples of naturally-occurring 4-methoxy- and 3,4-d imethoxyxanthones 2.1- 2. 7. 
However, only one synthetic approach to the 2-substitutcd 4-methoxyxanthone 
skeleton, i. e. 2.1 0,3 has been reported and this involves a palladium migration process4 
(Scheme 2. 1) . At the outset of the work described in this Chapter, no Uimatural 3 4-
dimcthoxyxanthones had been reported . The aim of this project was to develop IEDDA-
based methodology fo r the synthesis of the target xanthones ( 4-methoxy- and 3,4-
dimethoxyxanthoncs), which would be useful for further elaboration in later projects (sec 
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Chapters 4 and 5). The physical properties of the newly-synthesized xanthones 1.228 and 
1.229 will also be discussed. 
d::Y"' 
2.8 OMe 
H;N'X) 
1.118 
MgSO, tc uene 
1CC •c 
PdiOAc;; 15 ma %; 
IPh; P;;CH; 15 ma %; 
CsO; CCMe, 
CMF 10C •c 
1 N HC 
79% 
Scheme 2.1 Synthesis of2-mcthyl-4-methoxyxanthone 2.10 via a palladium migration process. 
2.1.1 A Proposed Mechanism for the Synthesis of Xanthones via the IEDDA 
Reaction 
As described in Chapter 1, the reaction between diene 1.15 (EWG = C02Et) and 
enamine 1.24 (Scheme 1.1 0, Chapter 1) was originally intended to afford xanthone 1.49, 
but instead gave 2-hydroxybenzophenone 1.48. The observed outcome was explained by 
the mechanism shown in Scheme 2 .2, Path A. 
Presumably, TEDDA reaction between dienes 1.15 with dienophiles 2.11 provided 
Diels-Alder adducts 2.12, which underwent subsequent ,8-elimination of a pyrrolidine 
molecule to afford intermediates 2.13. The observation that 2-hydroxybenzophenones 
2.14 were obtained exclusively clearly ind icated that internal elimination (to give 2-
hydroxybenzophenones) is preferable to transfer hydrogenation (to give xanthones). 
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2.14 
2-hydroxybenzophenones 
Q 
H~ 1 R2 
R1 2.11 
.. 
lEODA 
Path A 
R1 =alkyl, aryl 
R2 = H. alkyl 
y 
0 X~ 1 ,:r R2 
WEWG R1 2.15 I .... 
0 lEODA 
1.15 Path B 
R1 = alkyl. 0 -alkyl , aryl 
R2 = H, alkyl, 0 -alkyl. aryl 
EWG = electron withdrawing group 
X. Y = leaving groups 
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r~~1 2.16 1 j - HY 
r~:~1 l 2.17 1 
j-HX 
~EWG 
~oYR2 
2.18 R, 
xanthones 
Scheme 2.2 Synthesis of 2-hydroxybenzophenones (path A) and the proposed synthesis of 
xanthones (path B) via an TEDDA I elimination I elimination sequence. 
To block the pathway lead ing to 2-hydroxybenzophcnones 2.14, and thus to 
enable the use of diencs 1.15 for xanthones synthesis, two issues were identified : the 
carbon atom of the dienophile that reacts with the more electron-defici ent terminus of the 
di ene, i.e. C- 1 of d ienophile 2.15, shou ld ( 1) bear no hydrogen atom and (2) bear a 
leaving group. When these criteria arc fulfilled, internal 1 ,2-elimination (2.13~2.14) 
cannot occur. Instead, an elimination of HX from 2.17 should furnish xanthones 2.18. 
Dicnophiles such as enamine 1.225 and tetram cthoxyethene (TME, 1.226)5 (Figure 2.2) 
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meet these requirements and were consequently employed for the synthesis of 2-
substituted 4-methoxyxanthones and 3,4-dimethoxyxanthones. 
MeO 0 
>=< MeO H 
1.225 
MeO OMe 
>==< MeO OMe 
1.226 
Figure 2.2 Dienophilcs used in the synthesis of 2-substitutcd xanthones. 
2.1.2 Rctrosynthetic Analysis of 4-Mcthoxy- and 3,4-Dimcthoxyxanthoncs 
Using the methodology described above, xanthones 1.228 and 1.229 could 
conceivably be synthesized via IEDDA-driven domino reactions between dienes 1.15 and 
dienophiles such as 1.225 and 1.226 (Scheme 2.3) . Dienes 1.15 should be accessible 
from commercially available 3-formylchromone (2.19) via Horner-Wadsworth-Emmons 
(HWE),6 a Wittig7 or a decarboxylativc I Knocvenagel condensation8 reaction. Using this 
methodology, it should be possible to adorn the diene system 1.15 with a range of EWGs, 
electron-neutral Ph group or an electron-donating p -MeOC6H4 group. 
o(qEWG 1.225 1.226 
ECCA ECCA 
U28 OMe 
HWE I W tt g react en . ~ cr decarbc~y at ~e I Knoe~e nage condensat ~n 
iEWG =CONE!; CO; Et COR SO; Ph, il tEWG = CN p-N02CEH< Ph p-OMeCEH,, 
~CHO 
~)J 0 
2.1 s 
Scheme 2.3 Retrosynthetic ana lys is of xanthoncs 1.228 and 1.229. 
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2.2 Results and Discussion 
2.2.1 Synthesis of HWE Phosphonates and Wittig Reagent 
The initial objective was the synthesis of the dienes and dienophiles that were 
required fo r the IEDDA-driven Diels-Alder reactions. Non-commercially avai lable 
phosphonates for HWE reactions, i. e. 2.21 ,9 2.23, 10 2.26 11 (Scheme 2.4) were prepared 
from the corresponding halides 2.20, 2.22, and 2.24 via Arbuzov reactions. Wittig 
reagent 2.29 was obtained in good yield using a modified two-step literature procedure. 12 
0 PiOEt:, ref u~ 18 h 0 0 
c-JlNEt; ''0 
,.... 
iEto:{p NEt; 
E8% 
2.20 2.21 
0 0 0 
II~ Br~ PiOEt:, ref u~ 7 h iEtO'/p '-":: 1.0 ., I 39% .0. 
2.22 2.23 
iCH,o:, ccnc HC PiOEt:, ref u~ 12 h <;? q,/p 
HSD tc uene :c · c tort 17 h c~su 80% iEtO'/P~Su 1.0. 1.0. " I 
71% H; O; AcOH 80 · c 4 h .0. 
2.24 2.25 8E% 2.26 
0 
Ph2P 0 0 
c-JlME 
benzene ref u~ 23 h 8(1) KOH H; O rt 0 5 h 
c PhoP0 PhoP~ 
100% · Me 80% 
· Me 
2.27 2.28 2.2 9 
Scheme 2.4 Synthesis of substrates for IIWE and W ittig reactions. 
The Wittig reagent 2.29 was chosen instead of the corresponding phosphonate 
2.32 (Scheme 2.5) because of a synthetic problem. lt was reported that the reaction of 
chloroacetone 2.27 wi th triethyl phosphite 2.30 gave only phosphonate ester 2.31 , but not 
the desired phosphonate 2.32. 13 Although the desi red phosphonate 2.32 could be 
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obtained by Arbuzov reaction with bromo- or iodoacetone, 14 this route was excluded as 
these haloacetoncs arc not commercially available. 
0 Jl II 
I EIO' / P...,O Me / 
0 0 
II II iEto:(P~Me 
2.31 2.27 2.30 2.32 
Scheme 2.5 Attempted synthes is of phosphonate 2.32 from literature. 
2.2.2 Synthesis of Chromone-fused Electron-deficient Dienes 1.15 
Dicne 1.15 (EWG = C02Et) was originally synthesized by Akiba eta/. in 80- 92% 
yield from 3-fo rmylchromone (2.19) upon treatment with diethyl malonate (2.33) in the 
presence of t-buty ldimcthylsi lyl triflate (TBSOTf) (Scheme 2 .6). 15 Another synthesis of 
this diene (79%) was subsequently reported by Bodwell et a!. using the HWE reaction 
with triethyl phosphonoacetate 2.34. 16 
~CHO 
~r) 0 
2.1 9 
0 0 
EIO)l...,_)l_OEI 
2.33 
TBSOTf (2 equ v : 2 E- ut d ne 
ec- 92% 
0 0 
II II 
tEtO;( P......._,_.....OEt 
2.34 
NaH THF rt ~8 h 
79% 
Scheme 2.6 Reported syntheses of diene 1.15 (EWG = C02Et). 
~EWG 
0 
1.15 iEWG = CO; Et: 
Using the same conditions for HWE reaction, a series of dienes 1.15a- d (Scheme 
2.7) was synthesized from 3-formylchromone (2.19) and the corresponding phosphonates 
in moderate to good yields (50- 79%). Diene 1.15c was obtained in 90% yield by 
reacting 2.19 with the Wittig reagent 2.29 in dichloromethane at refl ux. For all of the 
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dienes 1.15a- c, the (E) geometry of the newly-formed double bonds was clearly 
indicated by the magnitude of the 31 coupling constants (15.3- 16.4 Hz) in their 1H NMR 
spectra. 
~CHO 
~r) 0 
2. 19 
0 
II 
iEtO;( P'-../EWG 
NaH THF rt 
,------------------~~ 
2.21 EWG =CONE!; e h 
2.34 EWG = CO; Et ~e h 
2.23 EWG = COPh 2~ h 
2.26 EWG =SO; Ph e h 
CH; C ; rEfU) t h 
Scheme 2. 7 Synthesis of dienes 1.15a-c. 
~EWG 
~"j 0 
1.1 5a EWG =CONE!; !:0% 
1.1 5b EWG = CO; Et 79% 
1.1 5c EWG = COPh 7C% 
1.1 5d EWG = SO; Ph 7C% 
1.15e EWG =COME SC % 
Dienes 1.15f- i cannot be obtained in synthetically useful quanti ties via the Wittig 
reaction because the Z-isomers are typicall y the major products.17·18 Alternatively, they 
were synthesized using decarboxylative Knoevenagel-type condensations . For example, 
dienes l.15f19 and 1.15g- i8 were obtained in good yields from reactions between 3-
formylchromone (2.19) and the corresponding phenylacetic acids 2.35- 2.38 (Scheme 
2.8). 
o!rCHO 
0 
2.19 
HOOC'-"'EWG 
2.35 EWG = CN, pyridine, 110 •c, 6 h 
2.36 EWG = O N02 .. , pyndtne, 70 ·c. 4 d \ 
2.37 "EWG" = ...,_,D , pyridine, 1-BuOK, reflux, 22 h 
OMe 
, pyridine, 1-BuOK, reflux, 16 
\ h 
2.38 "EWG"= 
Scheme 2.8 Synthesis of d ienes l.lSf- i. 
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~EWG 
~"j 0 
1.15f EWG = CN, 60% 
1.15g EWG = p-N02C6H4, 60% 
1.15h "EWG" = Ph, 82% 
1.15i "EWG" = p-OMeC6H4, 70% 
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Specifica lly, carboxylic acids bearing EWGs such as CN (2.35) and 4-nitrophenyl 
(2.36) reacted with 2.19 in pyridine to give dienes 1.15f and 1.15g, respectively, in 
relatively good yie lds (60%). Surprising ly, diene 1.15g was not obtained when the 
reaction mixture was heated at reflux in pyridine, e ither with, or without t-BuOK, 
according to literature procedures (pyridine, reflux, 24 h, 51% and pyridine, t-BuOK, 
reflux , 15 h, 47%).8 In such cases, only recovered 3-formylchwmone (2.19) was 
isolated . However, it was found that the desired reaction occurred under relatively mild 
conditions (pyridine, 70 °C, 4 d, 60%). Phenylacetic acids 2.37 and 2.38, which bear 
e lectron-neutral or -donating groups, gave the best yields of the corresponding dienes 
1.15h (82%) and 1.15i (70%), but it was necessary to conduct these reactions in the 
presence of t-BuOK. In all cases described above, the large coupling constant ( 16.3- 17.1 
Hz) across the newly-formed double bond was indicative of the(£) stereochemistry. 
2.2.3 Synthesis of Dicnophilcs 1.225 and 1.226 
MeO )--cHO 
MeO 
2.39 
Scheme 2.9 Synthesis of dienophilc 1.225. 
Q 
H 
benzene ref u~ 2- 3 h 
MeO 0 
>=< MeO H 
1.225 
Dicnophile 1.225 was prepared upon reaction of dimethoxyaceta ldehydc (2.39) 
with pyrrolidinc in benzene at reflux (Schem e 2.9). Previous work in the Bodwell group 
had established that purification of this dienophile was very difficult;20 therefore, the 
crude reaction mixture was used directly for each IEDDJ\ reaction. Tctramcthoxycthane 
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(1.226) was synthesized v1a a three-step synthesis according to published procedures 
(Scheme 2.1 0).2 1 
27 h rt 
iMeCO;;O -+ HCO; H -+ HCiOMe;, 
2.40 2.41 
MeO OME 
>=< MeO OME 
1.226 
50% 
2.42 
NaH MEOiCH; CH;O;, Me 
sc ·c 1:h 
30% 
Scheme 2.10 Synthesis oftetramcthoxyethene (TME) 1.226. 
2.2.4 Synthesis of 2-Substitutcd 4-Mcthoxyxanthoncs 
MeCO; CHiOM(; 
2.43 
¢HI OM•:, 
c 
2.45 
Reaction of dienes 1.15a- i with freshly generated enaminc 1.225 in benzene at 
reflux afforded the expected xanthones 1.228a- i in moderate to excellent yields (Table 
2.1). Thin layer chromatography (tic) analysis of these reactions showed essentially spot-
to-spot conversions of the starting materials into the products. The yield and reaction rate 
tended to increase with the strength of the electron-withdrawing group on the diene and 
decrease with its steric demands. Among dienes 1.15a- f, (Table 2.1, Entries 1- 6), diene 
l.lSf, which has a small and strongly electron-withdrawing substituent (EWG = CN), 
was the fastest to react and gave one of the best yields (1.228f, 84%). The lowest 
reactivity of this group was observed for dienes l.lSa and 1.15d, which have either a 
moderately electron-withdrawing substituent (EWG = CONEt2) or a strongly 
withdrawing, but bulky substituent (EWG = S02Ph) . The sensiiivity of both the rate and 
yield of the reaction to electronic effects can be seen clearly in the behavior of the aryl 
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substituted dienes 1.15g- i (Table 2.1, Entries 7- 9). All of these observations are 
consistent with a rate-limiting, asynchronous IEDDA reaction,22 followed by two fast 
eliminations (pyrrolidine and methanol, in either order) to give the observed 4-
methoxyxanthones 1.228a- i. 
Table 2.1 Reactions of dienes l.lSa- i with dienophile 1.225. 
~EWG 
l:Jl,) 0 
Entry EWG 
1 CONEt2 
2 C02Et 
3 CO Ph 
4 S02Ph 
5 COMe 
6 CN 
7 p- N02CsH4 
8 CsHs 
9 p- Me0C6H4 
MeO 0 
>=< MeO H 
1.225 
benzene, reflux 
Xanthone 
1.228a 
1.228b 
1.228c 
1.228d 
1.228e 
1.228f 
1.228g 
1.228h 
1.228i 
~EWG 
~0~ 
OMe 
1.228a- i 
Time (h) 
16 
2 
6.5 
16 
6 
2 
2 
17 
44 
2.2.5 Synthesis of 2-Substitutcd 3,4-Dimcthoxyxanthones 
Yield(%) 
50 
71 
85 
70 
90 
84 
70 
51 
39 
Attention was then turned to the use of tetramethoxyethene (TME, 1.226), which 
was expected to afford 3,4-dimethoxyxanthones 1.229 via an IEDDA I elimination 
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(MeOH) I elimination (MeOH) sequence. As anticipated for this less polar and more 
highly substituted dienophile, it proved to be a more reluctant reaction partner. In fact, 
under condi ti ons simi lar to those successfull y employed for the reactions of dienophile 
1.225 with dienes l.lSa- i, no reaction was observed between dicne l.lSc (ca. 0.2 M in 
benzene, reflux) and TME (5.0 equiv.). No further improvement was obtained when 
either toluene or xylenes were used as the solvent. 
However, upon heating l.lSe with only neat TME (b.p. = 140 °C) at 135 ac the 
diene was consumed and xanthone 1.229c (6%) was iso lated along with an unaromatized 
product (Scheme 2.11 ), the spectroscopic data of which were consistent with one of the 
expected reaction intermediates, 2.48c (Scheme 2. 12). However, its identity as an 
isomer, 2.46c (56%), was established by crystallographic methods (Figure 2.3) . 
Prolonged heating of the reaction mixture at 135 °C or resubjection of 2.46c to the 
original reaction conditions resulted in the slow formation of intractable material. 
However, in a tic experiment, the addition of the Lewis acid Et20·BF3 to a pure sample of 
2.46c in dichloromethane at room temperature induced a rapid, spot-to-spot conversion to 
1.229c. 
~ ~OJ 
MeO OMe 
>=< MeO OMe 
1.226 
no solvent, 135 ·c 
1.15e 
~ ~oVoMe 
MeO OMe 
2.46e 
+ 
0 0 
OMe 
1.229e 
Et20 ·BF3, CH2CI2. rt t 
Scheme 2.11 lEODA reaction between diene l.lSe and 1.226 in solvent-free conditions. 
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Figure 2.3 ORTEP presentation of2.46c. 
H-C(3)-C(4)-0(a) = -72 9' 
H-C(3)-C(4)-0W) = 50 6' 
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Subsequent reaction mixtures of dicnes 1.15 with TME (1.226) were heated at 
135 °C, cooled to room temperature after consumption of the dicne or apparent reaction 
cessation (tic analysis), di luted with dichloromethane and treated with Et20 ·BF3 (4.0 
cquiv.) to give 3,4-dimcthoxyxanthones 1.229 (Table 2 .2). Good yields were obtained 
for 1.229c (84%) and l.229c (62%), while those for l.229a- b and l.229d,f- g were 
modest (25- 36%). The least electron-deficient dienes l.lSh and l.lSi were unreactive, 
giving at best only traces of product. As an exception, l.lSf gave a better yield of the 
product (.1.2291', 53%) without treatment with Et20 ·BF3. 
The use of high boi!ing solvents (xylenes, 1,1 ,2,2-tetrachlorocthane and DMl~ ), 
but with more concentrated solutions (ca. 1.0 M) than before, was then revisited. For 
diencs l.lSa and l.lSb, a steady improvement in the yield was observed in going from 
no solvent (28% and 36%) to xylenes (32% and 48%) and then 1,1 ,2,2-tetrachloroethane 
(40% and 70%). In changing to a much more polar solvent (DMF), the yield of l.229a 
dropped off considerably (12%) and DMF was consequently excluded from further 
studies. The use of 1,1 ,2,2-tetrachloroethane also resulted in significant yield 
enhancements for xanthones l.229b (70%), l.229c (90%) and l.229c (98%). 
67 
Table 2.2 Reactions of dienes l.lSa- i with dienophile 1.226. 
~EWG 
l0l") 0 
1.15a-i 
Entry EWG Xanthone 
1 CONEt2 1.229a 
2 C02Et 1.229b 
3 CO Ph 1.229c 
4 S02Ph 1.229d 
5 COMe 1.229e 
6 CN 1.229f 
7 p-N02CsH4 1.229g 
8 CsHs 1.229h 
9 p-MeOCsH4 1.229i 
MeO OMe 
>=< MeO OMe 
1.226 
so ~e nt 135 ·c 
Et;O BF, CH; C ; rt 
~EWG 
~oVoMe 
OMe 
1.229a- h 
No solvent Xylenes C2H2CI4 
h % h % h % 
96 28 192 32 192 40 
24 36 144 48 48 70 
24 84 - 26 90 
2 29 24 21 4 18 
10 62 - 6 98 
2 27a - 24 38 
23 25b - 48 trace9 
48 tracec - 240 6 
96 od - 240 0 
a) 53% without Et20·8f3 treatment. b) 20% recovery of l.lSg. 
c) 60% recovery of l.lSh . d) 60% recovery of !.lSi. e) 59% recovery of l.lSg. 
Chapter 2 
DMF 
h % 
192 12 
-
-
-
-
-
-
-
-
Dienes l.lSd and l.lSf behaved somewhat differently from the others. Upon 
treatment of the crude mixtures with Et20 ·Bl'}, a yellow byproduct, 2.49d (1 0%) and 
2.49f (4%) (Scheme 2.12), formed alongside the desired xanthones 1.229d (18%) and 
1.229f (38%). The structure of 2.49d was determined using single crystal X-ray analysis 
(Figure 2.4), and that of 2.49f was assigned by analogy. The aryl substituted dienes 
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l.lSg- i exhibited little or no reactivity toward TME (1.226). low, unproductive 
consumption of these dienes was observed under prolonged heating. 
~EWG ~ ~~ 0 cr H EWG _- _Me_O-;H~ ®0 I EWG -~-1-5Jc_~-s-hf-t- ~EWG 
~ojJ EDDA :::,... 0 0~~e OMe ac o-cr base- ~oVoMe OM cata yseo 0 OM MeO OMe MeO e tautcmer sm Me e 
1.15 2A7 2A8 2A6 
Et;O BF, j 
(fer 2A8d t; 
~EWG 
~0~0 
MeO OMe 
2A9d ,f 1.229 
Scheme 2.12 Proposed pathways to 1.229 and 2.49d,f. 
Figure 2.4 X-ray tructure of2.49e. 
A proposed reaction landscape that is consistent with the observations is 
presented in Scheme 2.12. IEDDA reaction between 1.15 and 1.226 at 13 5 oc affords 
adducts 2.47, which can undergo 1 ,2-elimination of methanol to afford dienes 2.48. This 
elimination is proposed to occur first because the C(2) hydrogen atom should be the most 
acidic and, by inspection, an antiperiplanar orientation of the C- H bond and one of the 
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adjacent C- 0 bonds looks to be easily achievable. Dienes 2.48 then have two pathways 
available to them, namely the 1 ,2-elimination of a second molecule of methanol to afford 
xanthones 1.229 and rearrangement to give dienes 2.46. Rearrangement could 
conceivably occur either through a p ,5J-H shift23 or an acid- or base-catalysed 
tautomcrization. Regardless of which mechanism operates, the partial aromaticity of the 
4-pyronc ring24 in 2.46 may provide some incentive for rearrangement. Whatever the 
case, AMI calculations25 predict that the lowest energy conformer of 2.46c is ca. 4 kcal I 
mol more stable than that of 2.48c. The reluctance of the rearranged dicncs 2.46 to 
undergo what must surely be a very exothermic elimination of methanol under quite 
forcing conditions ( 135 oq is somewhat surprising, even considering that the C(3)-H 
bond of 2.46c is oriented essentially gauche to both C(4)-0 bonds (disfavoring E2-like 
elimination) in the crystal (Figure 2.3). T reatment of dienes 2.46 with Et20·BF3 proceeds 
smoothly under mild conditions, presumably because an El -likc mechanism becomes 
available. The form ation of byproducts 2.49d,f in the reactions of l.lSd,f with 1.226 is 
difficult to explain without invoking the involvement of dienes 2.48d,f. Whether these 
diencs are present at the end of the thermal stage of the reaction or they come from 
2.46d,f or 2.47d,f upon treatment with Et20·BF3, the conversion of 2.48d,f to 2.49d,f can 
be accounted for by a Bf3-catalysed tautomerism involving the transfer of a methyl group 
from one end of a vinylogous ester to the other. The reason why the byproducts were 
formed only in the reactions of l.lSd,f is unclear. 
The proposed mechanism for the formation of 2.49c,f (Scheme 2.13) involved in 
two processes: (I) generation of an electrophilic methyl group and (2) methyl transfer. 
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The nucleophile (Nu) could be a reaction partner, an intermediate, or a product. For 
example: 
- ifNu is 2.48c,f then Me- Nu+ is 2.52c,f and the process repeats itself. 
- if Nu is 2.46e,f then Me- Nu+ wil l likely serve to propagate the methyl transfer 
because there is no clectrophilic methyl group other than the one that was just 
attached . 
- if Nu is 1.15c,f or 2.47c,f, they can either serve as Me- u + or they can react via 
other reaction pathways leading to other products. 
- if Nu is 1.229c,f then Me- Nu+ will likely serve to propagate the methyl transfer 
because loss of the other electrophi lic methyl group to form the C(3) ketone wi ll 
involve the loss of some aromatic stabilization energy. 
1. Gene ration ot an electrophilic methyl group 
8 
0 0
, BF : @EWG EI; O BF, EWG~~ cx);cG ® I 
----,. Me Me - Nu 
OMe o" 0 
MeO OMe OMe MeO OMe 
2.4Se ,t 2.50e,t 2.51 e,t 
2. Methyl tra nster 
0 OMe @EWG 2.50e,t EWG~~ ®EWG ® I ~ Me - Nu ® ----,. Me OMe cr Me - Nu o" 0 
MeO OMe OMe MeO OMe 
2.4Se,t 2.52e ,t 2.49d , t 
Scheme 2.13 Proposed mechanism for the formation of 2.49d ,f. 
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2.2.6 Physical Properties of 2-Substituted 4-Methoxy- and 3,4-Dimethoxyxanthones 
Xanthones 1.228a- f and 1.229a- f, which bear an EWG, have similar broad 
absorption bands ranging from 3 15 to 346 nm. Xanthones bearing a p -N0 2C6I-Lt 
substituent, i.e. 1.228g and 1.229g, have very broad absorption bands at shorter 
wavelengths than those of xanthones bearing Ph or p-MeOC6H4 (Figures 2.5- 2.7 and 
Table 2.3 , 2 .4). The behavior of the 2-arylxanthones 1.228g- i was more interesting. As 
the electron-donating ability of the aryl substituent increased, the lowest energy 
absorption bands of 1.228g- i moved to lower energy (longer wavelength) along wi th the 
emission bands with a concomitant increase in fluorescence intensity, which is 
inconsistent with the "energy gap law". 26 Furthermore, the total reorgani zation energy 
(At) became larger (At = 1680, 2340, 3030 cm- 1 for 1.228g- i, respectively) as calculated 
from the increasing Stokes shifts (Table 2.3) .27 By comparison, At ranges from 1420 to 
2620 cm- 1 for 1.228a- f and 1.229a- h. Like xanthone itself, 28 xanthones l.228a- f and 
1.229a- h exhibi ted very weak fluorescence (Wc111 < 10-3) . Quantum yields (<!>em) for 
l.229h, 1.228h and 1.228i are 0.007, 0.07 and 0.13, respectively.29 A tentative 
interpretation of this data is that charge transfer becomes more significant along the series 
1.228g- i, which increases the v ibrational energy (Avib) due to population of the n* orbi tals 
of the acceptor (the xanthone moiety) and solvent reorganization energy (A0 ) 27 due to 
changes in the d ipole moment on formation of the charge transfer excited state.30 
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-1.228g (EWG = p-NO,C,H,) 
-1.228h (EWG = Ph) 
- 1.2281 (EWG = p-OMeC, H,) 
250 300 3SO !100 
Wavelength (nm) 
Figut·c 2.5 Absorption spectra of 1.228a- f (left) and 1.228g- i (right) in CHCI3 (2 x I o·5 M). 
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Figure 2.6 Emiss ion spectra of 1.228a- g (left) and 1.228h- i (right) in CHCI3 (2 x I o·5 M). 
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Figure 2.7 Absorption (left) and emiss ion spectra (right) of 1.229a- h in CHCI3 (2 x I o-5 M). 
Table 2.3 Phys ica l data of 4-methoxyxanthones 1.228a- i. 
EWG Amax (abs) Eabs (cm-1) Amax (em) E em (cm-1) Stokes A, 
(nm) (= 1/11. x 107 ) (nm) (= 1/11. x 107 ) shift (cm-
1) (cm-1) 
(Eabs- Eem) 
= 211., 
CONEt2 344 29100 390 25500 3610 1800 
C02Et 337 29700 380 26300 3360 1680 
CO Ph 315 31700 362 27600 4120 2060 
COMe 337 29700 380 26300 3360 1680 
S02Ph 343 29200 380 26300 2840 1420 
CN 346 28900 386 25900 2990 1500 
p-N02CsH4 341 29300 385 26000 3350 1680 
Ph 354 28200 426 23500 4770 2390 
p-MeOCsH4 361 27700 462 21600 6060 3030 
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Table 2.4 Physical data of3 ,4-dimethoxyxanthones 1.229a-h. 
EWG Amax (abs) Eabs (cm-1) Amax (em) Eem (cm-1) Stokes At 4>em 
(nm) (= 1/A x 107) (nm) (= 1/A x 107 ) shift (cm-
1) (cm-1 ) 
(Eabs- E em) 
= 2At 
CONEt2 337 29700 386 25900 3770 1880 -
C02Et 336 29800 377 26500 3240 1620 -
CO Ph 336 29800 376 26600 3170 1580 -
COMe 337 29800 377 26500 3150 1570 -
S02Ph 334 29900 373 26800 3130 1570 -
CN 336 29700 374 26700 2940 1470 -
p-N02CsH4 298 33600 353 28300 5230 2620 -
Ph 341 29300 413 24200 5110 2560 0.0072 
2.3 Conclusions 
In summary, IEDDA reactions between dienes 1.15 with dienophiles 1.225 and 
1.226 afforded a range of 4-methoxy- (1.228a- i) and 3,4-dimethoxyxanthones (1.229a-
h) with useful functionality at the 2 position. Particularly, compounds 2.54- 2.58 and also 
the natural xanthone 2.4 can conceivably be approached from 2.53 bearing a suitable 
E WG (Scheme 2.14). Work aimed at the use of this methodology for the construction of 
new xanthone-based fluorophores such as 2.56 and more elaborate xanthonoid systems 
from key intermediates 2.57 and 2.58 will be introduced in the following sections. 
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R,~COOH 
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Scheme 2.14 Possible elaboration of the usefu l compound 2.53. 
2.4 Experimental Section 
General Methods: 
All experiments with moisture- or air-sensitive compounds were carried out under 
a N2 atmosphere unless otherwise indicated. Commercially available chemicals 
purchased from Aldrich or Alfa Aesar were used without further purification . Solvents 
were dried and disti lled according to standard procedures. Organic solvents were 
evaporated under reduced pressure using a rotary evaporator. Flash chromatography was 
performed using Silicycle si lica gel 60, particle size 40- 63 ~m. Compounds on tic plates 
were visualized under UV light (254 and 365 nm). 
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Instrumentation: 
Melting points (mp) were determined on a Fisher-Johns apparatus and 
uncorrected. Infrared (IR) spectra were obtained using a Bruker TENSOR 27 instrument. 
11-I and 13C nuclear magnetic resonance (NMR) spectra were recorded on a Bruker 
!\VANCE 500 MHz (CDCh, unless otherwise indicated) or a Bruker A VANCE II 600 
MHz spectrometer (solid state). Chemical shifts are reported relative to internal 
standards: Me4Si (8 0.00 ppm) and CDCh (8 77.23 ppm), respectively. 1H NMR data arc 
presented as follows : chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = 
quartet, m = multiplet), coupling constant (J, Hz), integration (ff. of H). Low-resolution 
mass spectra (MS) and high-resolution mass spectra (HRMS) of compounds were 
obtained using an Agilent 1100 Series LC/MSD and a Waters Micromass® GCT 
PrcmierTM instruments, respectively. MS data are presented as follows: mlz (relative 
intensity), assignment (when appropriate), calculated mass for corresponding formula. 
UV -vis and fluorescence spectra were recorded using an Agilent 8453 spectrophotometer 
and a Photon Teclmology International fluoremeter. 
2.4.1 Experimental Proccdures3 1 
Diethyl 2-( diethylamino )-2-oxoethylphosphonate (2.21 )9 
0 0 
II II !EtO;{p~NEI; 
A mixture of N,N-diethylchloroacetamide (2.20) (3.60 g, 24.1 mmol) and triethyl 
phosphite ( 4.00 g, 24.1 mmol) was heated at 180 oc for 18 h. The volatile compounds 
were distilled off using a vacuum pump. The crude product was purified by column 
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chromatography (EtOAc) to yield 2.21 (4.1 0 g, 68%) as a yellow oil: 11-I NMR (500 
MHz) o 4.21--4.15 (m, 4H), 3.46- 3.37 (m, 4H), 3.02 (d, Jp_11 = 22Hz, 2!-I), 1.34 (t, .J = 7.0 
l-Iz, 6H), 1.20 (t, .J = 7.3 Hz, 3H), 1.14 (t, .J = 7.0 Hz, 3H); 13C NMR (125 MHz) o 164.2, 
62.79, 62.75, 43 .2, 40.7, 33.6 (.Jcp= 134.3 Hz), 16.6, 16.5, 14.4, 13.1 ; MS [APCl (+)] m/z 
(%) 252 (M+, I 00). 
Dicthyl 2-oxo-2-phcnylcthylphosphonatc (2.23) 10 
A mixture of bromoacetophenone (2.22) (15.0 g, 75.4 mmol) and triethyl 
phosphite (12.1 g, 90.3 mmol) was heated at 120 °C for 6 h. After the volatile material 
was removed by vacuum distillation, the crude product was dissolved in CH2Cb (200 
mL), extracted with 1 M aqueous aOH solution ( 4 x 150 mL), neutralized with 3 M 
HCI, and then extracted with Et20 ( 4 x 1 00 mL). The organic layer was washed with 
brine dried, over MgS04 and filtered . The solvent was removed under reduced pressure 
to yield 2.23 (7 .51 g, 39%) as a colorless liquid: 1H MR (500 MHz) o 8.03- 8.0 1 (m, 
2H), 7.59 (t, .J = 7.6 Hz, 1H), 7.48 (t, .J = 7.8 Hz, 21-l), 4.14 (m, 4H), 3.63 (d, .fp_11 = 22Hz, 
2H), 1.28 (t, J = 7.1 Hz, 6H). 
Chloromethyl phenyl sulfide (2.25) 11 
To a stirred mixture of paraformaldehyde (49.5 g, 1.65 mol) in toluene (200 mL) 
and concentrated HCI (500 mL) at 50 oc was added dropwise thiophenol (2.24) ( 139 g, 
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1.26 mol) over 30 min. The reaction mixture was cooled to room temperature and stirred 
for further 17 h. The organic layer was separated. The. aqueous layer was extracted with 
toluene (4 x 150 mL). The combined organic layer was washed with brine, dried MgS04 , 
and fi ltered. The solvent was removed under reduced pressure. The crude product was 
puri fied by vacuum distillation (b.p. 106- 107 °C, 9- 11 mmHg) to yield 2.25 ( 142.1 g, 
7 1 %) as a colorless liquid: 1H NMR (500 MHz) 8 7.53- 7.51 (m, 2H), 7.39- 7.25 (m, 31I), 
4.97(s,2H); 13CNMR(125MHz)8133 .5, 13 1.2, 13 1.0, 129.4, 128.2. 
Dicthy l (phcny lthio)mcthylphosphonatc (2.59) 11 
To stirred triethyl phosphite (238 g, 1.78 mo l) at 120 oc was added dropwise 
chloromethyl phenyl sulfide (2.25) (216 g, 1.3 7 mol) over 40 min. The reaction mixture 
was stirred for further 18 h. Excess amount of P(OEt)3 was removed by vacuum pump 
(b.p. 50 °C, I 0 mmHg). The crude product was purified by vacuum distillation (b.p. 
145- 150 °C, 2 mmHg) to yield 2.59 (282 g, 80 %) as a colorless liquid : 1H NMR (500 
MHz) 8 7.48 (d, J = 7.4 Hz, 2H), 7.34 (t, J = 7.6 Hz, 2H), 7.26 (t, J = 7.4 Hz, !H), 4.21-
4. 14 (m, 4H), 3.24 (d, lr-11 = 14Hz, 2H), 1.34 (t, J = 7.1 Hz, 61-I). 
Dicthyl (phcny lsulfonyl)mcthy lphosphonatc (2.26) 11 
To a stirred solution of diethyl (phenylthio)methylphosphate (2.59) (1 0.4 g, 40.0 
mmol) in AcOH (60 mL) at 50 oc was added dropwise H20 2 (20 mL, 30% aqueous 
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solution) over 30 min. The reaction mixture was heated to 85 oc for a further 4 h and 
then allowed to cool to room temperature and poured into ice. I 0 M aqueous NaOH 
solution was added until the pH reached 8 or 9. The layers were separated and the 
aqueous layer was extracted with CH2Ch ( 4 x 50 mL). The combined organic layer was 
washed with 10% aqueous Nal-IS03 solution until no oxidizing agent remained. The 
solution was dried over MgS04 and filtered. The solvent was removed under reduced 
pressure. Column chromatography (20:80 EtOAc:hexanes) of the crude product yielded 
2.26 (10.1 g, 86%) as a colorless liquid : 1H MR (500 MI-Iz) 8 8.00 (d, J = 7.7 Hz, 2H), 
7.68 (t, J = 7.4 Hz, 1H), 7.58 (t, J = 7.8 Hz, 2H), 4 .19-4.1 2 (m, 4H), 3.76 (d , l r-H = 17 
Hz, 2H), 1.30 (t, J = 7.1 Hz, 61-1). 
2-0xopropyltriphcnylphosphonium chloride (2.28) 12 
1-(Triphcnylphosphoranylidcnc)-2-propanonc (2.29) 
2.28 
0 
Ph, P"'- II -~Me 
2.29 
To a clear solution of triphenylphosphine (15.7 g, 59.9 mmol) in benzene (50 mL) 
was added dropwise chloroacetone (4.61 g, 49.7 mmol) at room temperature. The 
reaction mixture was heated at reflux for 22 h. The white precipitate was collected by 
suction filtration, washed with benzene, and dried in air to yield 2.28 (17.7 g, I 00%). 
T his crude product was used for the next step. 
To a clear solution of y lide precursor 2.28 (5.0 I g, 14.1 mmol) in water (50 mL) 
was added dropwise a solution of potass ium hydroxide (800 mg, 14.3 mmol) in IT20 (8 
mL). The reaction mixture was stirred at room temperature for 30 min. The resulting 
80 
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white precipitate was collected by suction filtration, washed with cold water, and dried in 
air to yield 2.29 (3.60 g, 80%) as a colorless solid: 1H MR (500 MHz) 8 7.68- 7.44 (m, 
151-1), 3.70 (d, J = 23.9 Hz, 1 H), 2.10 (s, 3I-I). 
General procedure for the synthesis of dicnes 1.15a- d. 
To a magnetically stirred, room temperature suspension of Nai-l (60% dispersion 
in mineral o il , 1.2 equiv.) in THF was slowly added the corresponding phosphonate (1.3 
equiv.). The mixture was stirred at room temperature for 0.5 h and the resulting clear, 
yellow solution was added dropwise to a solution of 3-formylchromone (2.19) (1.0 
equiv.) inTI-IF. The resulting orange mixture was stirred at room temperature until the 3-
formylchromone had been completely consumed (tic analysis). The reaction mixture was 
quenched by the addition of saturated aqueous NH4Cl solution (10- 15 mL) and stirring 
was continued for 15 min. The solvent was removed under reduced pressure and lhO 
and CH2CI2 were added to the residue. The layers were separated and the aqueous layer 
was extracted with CH2Cl2. The combined organic layers were washed with distilled 
water, washed with saturated aqueous aHS03 solution, washed with brine, dried over 
MgS04 and filtered. The solvent was removed under reduced pressure and the residue 
was purified by column chromatography to yield pure dienes 1.15a- d. 
(E)-N,N-Dicthyl-3-(4-oxo-4l/-chromen-3-yl)prop-2-cnamide (l.lSa) 
0 
~CONE!; . 
~"jJ 0 
A solution derived from 60% NaH in mineral oil (1.38 g, 34.4 mmol) and N,N-
diethyl diethyl phosphonoacetamide (2.21) (9.47 g, 37.7 mmol) in THF (60 mL) was 
81 
Chapter 2 
added dropwisc to a solution of 3-formylchromone (2.19) (5 .00 g, 28.7 mmol) in THF 
(60 mL). The resulting mixture was stirred at room temperature fo r 8 h and worked up 
according to the general procedure. Column clu·omatography (20:80 EtOAc:hexanes) of · 
the crude product yielded diene 1.15a (5 .29 g, 68%) as a yellow solid: R1 = 0.35 (20:80 
EtOAc:hexanes); mp 102- 103 °C; IR v 3057 (w), 2978 (w), 2936 (w), 1652 (s), 1610 
(m), 1600 (s), 1464 (s), 1424 (s), 1396 (s), 1353 (s), 1287 (s), 1269 (s), 982 (s), 861 (s), 
753 (s), 682 (s) cm-1; 1H NMR (500 MHz) o 8.28 (dd, J = 7.8, 1.6 Hz, 1 H), 8.10 (s, I H), 
8.04 (d, J = 14.6 Hz, lH), 7.71- 7.68 (m, 1H), 7.50- 7.44 (m, 21-I), 7.34 (d, J = 15.3 Hz, 
1 H), 3.54- 3.49 (m, 41-I), 1.29 (t, J = 7.0 Hz, 3H), 1.19 (t, J = 7.0 Hz, 3H); 13C NMR (125 
MHz) o 176.8, 166.4, 158.0, 155.7, 134.1, 133 .2, 126.4, 125.9, 124.6, 122.7, 11 9.9, 
118.4, 42.6, 41.3 , 15.3 , 13.4; MS [J\PCI (+)] m/z (%) 272 (M+, 100); HRMS [CI ( )l 
calcd for C 1GH 17 0 3+l-I' 272.1287, found 272.1286. 
(E)-Ethyl 3-(4-oxo-4H-chromcn-3-yl)prop-2-cnoatc (1.15b) 16 
0 
~CO;Et 
~)J 
0 
A solution derived from 60% NaH in mineral oil (550 mg, 13.8 mmol) and 
tricthyl phosphonoacetatc (2.34) (3 .36 g, 15.0 mmol) in THF (30 mL) was added 
dropwisc to a so lution of 3-formylchromone (2.19) (2.00 g, 11.5 mmol) in THF (50 mL). 
The resulting mixture was stilTed at room temperature for 48 h and worked up according 
to the general procedure. Column chromatography ( 10:90 EtOAc:hexanes) of the crude 
product yielded diene 1.15b (2.22 g, 79%) as a light yellow solid. Alternatively, 
crystallization (95% ethanol) of the crude mixture yielded l.lSb ( 1.68 g, 60%) as fine 
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ye llow needles: RJ = 0.50 (20:80 EtOAc:hexanes); mp 105- 107 oc (ethanol); 1H NMR 
(500 MHz) 8 8.29 (dd, J = 7.3 , 1.2 Hz, 1H), 8.12 (s, 1H), 7.72- 7.69 (m, 1H), 7.49- 7.44 
(m, 2H), 7.42 (d, J = 16.0 Hz, !H), 7.29 (d, J = 16.3 Hz, 1H), 4 .26 (q, J = 6.9 Hz, 2H), 
1.33 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz) 8 176. 1, 167.5, 157.5, 155.7, 135.5, 134.2, 
126.5, 126.0, 124.4, 122.4, 119.6, 118.3, 60.7, 14 .5; MS [APCI (+)] m/z (%) 245 (M+, 
I 00), 199 (M+- OEt, 58). 
(E)-3-(3-0xo-3-phcnylprop-1-cnyl)-41-1-chromcn-4-onc (1.1 Sc )32 
A solution derived from 60% Nai-l in mineral oil (0.550 g, 13.8 mmol) and diethyl 
(2-oxo-2-phenylethyl)phosphonate (2.23) (3.84 g, 15.0 mmol) in THF (30 mL) was 
added dropwise to a solution of 3-formylchromone (2.19) (2.00 g, 11 .5 mmol) in THF 
(30 mL). T he resulting mixture was stirred at room temperature for 24 h and worked up 
according to the general procedure. Column chromatography (1 0:90 EtOAc:hexanes) of 
the crude product yielded diene 1.1Sc (2 .22 g, 70%) as a light yellow solid : R1 = 0.45 
(20:80 EtOAc:hexanes); mp 168- 169 oc (lit. mp33 170 °C); 11-I NMR (500 MHz) 8 8.70 
(d, J = 16.4 Hz, l H), 8.32 (d, J = 7.9 Hz, !H), 8.21 (s, 1 H), 8.11 (d, J = 7.4 I-Iz, 2H), 7.72 
(t, J = 7.4 Hz, I H), 7.59 (t, J = 7.0 Hz, I H), 7.52- 7.47 (m, 51-I) ; 13C NMR (125 MHz) 8 
190.8, 176.5, 159.1, 155.7, 138.1, 135.5, 134.3, 133.2, 128.9, 128.8, 126.5, 126.2, 126.0, 
124.5 , 11 9.9, 118.4; MS [APCI (+)] mlz (%) 277 (M+, I 00). 
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(E)-3-(2-(l>hcnylsulfony l)vinyl)-4H-chromen-4-onc (1.15d)32 
A so lution derived from 60% NaH in mineral oil (0. 550 g, 13 .8 mmol) and diethyl 
(2-sulfonyl-2-phenylethyl)phosphonate (2.26) ( 4.38 g, 15.0 mmol) in THF (30 mL) was 
added dropwise to a solution of 3-fo rm ylchromone (2.19) (2.0 I g, 11 .5 mmol) in THF 
(30 mL). The resulting mixture was stirred at room temperature fo r 6 h and worked up 
according to the general procedure. Column chromatography (10:90 EtOAc: hexanes) of 
the crude product yielded diene l.l Sd (2.5 1 g, 70%) as a colorless solid: RJ = 0.35 (20:80 
EtOAc: hexanes); mp 194- 195 oc (lit. mp34 207 °C, recrystallized from acetic acid) ; 11-1 
MR (500 MHz) 8 8.23 (dd , J = 8.2, 1.6 Hz, l H), 8.17 (s, 1H), 8.09 (d , J = 14.8 Hz, I H), 
7.95- 7.94 (m, 2H), 7.74- 7.70 (m, l H), 7.63- 7.60 (m, 1H), 7.56- 7.45 (m, 4H), 7 .33 (d, J 
I " 
= 14.8 Hz, 11-l); JC MR (125 MHz) 8 175 .9, 159.4, 155 .7, 140.8, 134.6, 133 .6, 133 .2, 
13 1.9, 129.5 , 128.0, 126.5, 126.5 , 124.3 , 11 8.4, 11 7.9; MS f APCI (+)] m/z (%) 3 13 (M , 
100). 
(E)-3-(3-0xobut-1-cny i)-4H -ch romcn-4-onc ( l.lSc) 
To so lution of 3-formylchromone (2.19) ( 1.0 1 g, 5.74 mmol) in CI-12C I2 (20 mL) 
was added 1-(tri phenylphosphoranylidene)-2-propanone (2.29) (3.66 g, 11 .5 mmol) in 
one porti on at room temperature. The yellow resulting mix ture was heated at reflux for 6 
h. The so lvent was removed under reduced pressure and the crude product was purified 
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by chromatography (40:60 EtOAc:hexanes) to yield diene l.lSc (1.11 g, 90%) as a 
yellow so lid: R; = 0.35 (40 :60 EtOAc:hexanes); mp 173- 174 oc ; IR v 3079 (w), 1684 
(s), 1639 (s), 1596 (s), 1559 (s), 1465 (s), 141 3 (s), 1285 (s), 1264 (s), 985 (s), 854 (s), 
765 (s) (cm-1)· 111 MR (500 MI lz) o 8.30 (dd, J = 7. 7, 2.0 Hz, I H), 8.17 (s, I H), 7.73-
7.70 (m, 1 H), 7.52- 7.46 (m, 3H), 7.35 (d, J = 16.1 Hz, 1 H), 2.3 8 (s, 3H); 13C MR ( 125 
MHz) o 198.8, 176.2, 157.6, 155.8, 134.3, 133 .8, 129.7, 126.6 126.2, 124.3, 11 9.6, 
118.4, 28.9; MS lAPCI (+)] m/z (%) 2 15 (M+, I 00); IIRM rei (+)] calcd for 
C 131-1 100 3 1-1 1
4 2 15.0708, found 215.0708. 
(E)-3-( 4-0xo-4/ / -chromcn-3-yl)prop-2-cncnitrilc (l.lSt) 19 
~c 
~OjJ 
J\ m ixture of 3-formylchromone (2.19) (8.0 I g, 46.0 mmol) and cyanoacetic acid 
(2.35) ( 4.0 I g, 4 7.1 mmol) preheated to II 0 oc (melting occurred) and pyridine ( 15 mL) 
was added quickly. The resulting dark reaction mixture was then cooled to room 
temperature and stirred for 6 h. The reaction was worked up using either of the following 
procedures: ( I ) the yellow precipitate was co llected by suction filtration and washed with 
cold methanol to yield diene 1.15f (4.08 g, 45%) as yellow cry tal , or (2) the reaction 
mixture was poured into ice-water ( 150 mL) and the yellow precipitate was collected by 
suction filtration , washed several times wi th water, washed quickly with cold methanol 
and dried in air to yield diene l.lSf (5.44 g, 60%) as a yellow so lid : R; = 0.45 (50:50 
EtOAc:hexanes); mp 190-191 oc (Cll3 ) (lit. mp19b 193- 195 °C); 111 M R (500 Mllz) 
8 8.27 (dd, J 8.3, 1.7 liz, I H), 8.07 (s, 111), 7.75- 7.72 (m, I H), 7.52- 7.48 (m, 21-1), 7.13 
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(d, J = 17. 1 liz, 111), 7.01 (d, J = 15.7 liz, lif); 13C MR (125 MHz) 8 176.1, 158.1, 
155.6, 141.7, 134.7, 126.54, 126.48, 124.3 , 118.6, 118.6, 118.4, 101.7; MS [APCl (+)l 
m/z (%) 198 (M ~, 1 00). 
(E)-3-(4-Nitro tyryl)-4//-chromcn-4-onc (1.15g)8 
A mixture of 4-nitrophenylaectic acid (2.36) (7.80 g, 43. 1 mmol) and 3-
formylchromone (2.19) (5.00 g, 28.7 mmol) in pyridine (50 mL) was heated with stirring 
at 70- 80 oc for 4 d . The reaction mixture was cooled to room temperature, poured into 
ice-water (400 mL) and acidified with aqueous 6 M HCI solution unti l the pH reached 1-
2. T he yellow precipitate was collected by suction filtration, washed several times with 
deionized water and dried in air. o lumn chromatography (50:50 petroleum 
ether:Cli2CI2) of the crude product yielded dienc 1.15g (5 .04 g, 60%) as a yellow solid : 
Rj = 0.65 (C112CI2) ; mp 233- 234 oc (lit. mp 17 225- 226 oq. 1H MR (500 MHz) 8 8.32 
(dd, J = 8.8, 1.711z, 111), 8.22 (d , J = 8.6 1Iz, 2 H), 8.16 (s, 111), 7.88 (d , J = 16.1 Hz, 111), 
7.73- 7.69 (m, I H), 7.64 (d, J = 8.6 I lz, 211), 7.51 - 7.45 (m, 21 1), 7.08 (d, J = 16.2 llz, 
Ill) ; 13C MR ( 125 MIIz) 8 176.6, 155.9, 154.9. 147.2, 144.2, 134.1, 129.9, 127.2, 
126.5, 125.8, 124.3, 124.1, 12 1.1 , 118.3; M fi\PC1(+)]m/z (%) 294 (M ~, 100). 
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(E)-3-Styryl-4l/-chromcn-4-onc (1.15h)8 
A mixture of phenylacetic acid (2.37) (19.5 g, 144 mmol), t-BuOK (5.08 g, 43.1 
mmol) and 3-formylchromone (2.19) (5.00 g, 28.7 mmol) in pyridine (80 mL) was heated 
at reflux for 22 h. T he reaction mixture was cooled to room temperature, poured into icc-
water (400 mL) and acidified with aqueous 6 M HCI solution until the pH reached 1- 2. 
The yellow precipitate was collected by suction filtration, washed several time with 
dcinionized water and dried in air. Recrystallization (95% ethanol) yielded l.lSh (5.84 
g, 82%) as a yellow solid : R; = 0.60 (35:65 EtOAc:hexanes); mp 170- 171 oc (ethanol) 
(lit. mp 17 168- 169 °C); 1H NMR (500 Mllz) 8 8.3 1 (dd, J = 8.0, 1.4 liz, I H), 8.12 (s, 
11-l), 7.69- 7.66 (m, Ill), 7.64 (d J = 16.5 lfz, 1H), 7.54- 7.42 (m, 41 1), 7.37- 7.26 (m, 
31-l), 6.99(d, .J = 16.3 liz, IH); 13C MR(125MHz)8 176.8 156.1, 153 .2, 137.6, 133 .7, 
132.0, 128.9, 128.1, 126.8, 126.5, 125.5, 124.4, 122. 1, 11 9.3 , 118." ; MS [/\PCI (+)l ml z 
(%) 249 (M.1, I 00). 
(E)-3-( 4-Mcthoxystyry l)-4Jl-chromcn-4-onc ( 1.15i)35 
A mixture of 4-mcthoxyphcnylacctic acid (2.38) (9.54 g, 57.4 mmol), t-BuOK 
(5 .08 g, 43.0 mmol), and 3-formylchromonc (2.19) (5.00 g, 28.7 mmol) in pyridine (I 00 
mL) was heated at reflux for 16 h. The reaction mixture was cooled to room temperature, 
poured into icc-water (400 mL) and acidified with aqueous 6 M H I solution until the pH 
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reached 1- 2. The yellow precipitate was collected by suction filtration, washed several 
times with deionized water and dried in air. Column chromatography (20:80 
EtOAc:hexanes) of crude the product yielded 1.15i (5.58 g, 70%) as a yellow solid: R.r = 
0.45 (35:65 EtOAc:hexanes); mp 123- 124 oc; IR v 2959 (s), 2927 (s), 2871 (w), 1642 
(s), 1622 (m), 1600 (s), 1561 (m), 1509 (s), 1464 (s), 125 1 (s), 1211 (s), 1028 (s), 973 (s), 
819 (s), 749 (s), 694 (s) cm-1; 1!-1 NMR (500 MHz) 8 8.30 (dd, J = 7.7, 1.7 Hz, 1 H), 8.10 
(s, I H), 7.68- 7.65 (m, 1 H), 7.56 (d, J = 16.3 Hz, 1H), 7.46 (d, J = 8.0 Hz, 2H), 7.42 (t, J 
= 7.7 Hz, 1II), 6.90 (d, J = 8.2 Hz, 2H), 6.87 (d, J = 16.4 Hz, 1H); 13C MR (125 MHz) 8 
177.1, 159.7, 156.3, 152.9, 133.8, 131.6, 130.6, 128.3, 126.7, 125.6, 124.3, 122.6, 118.5, 
117.2, 114.5, 55 .7; MS [APCI (+)] mlz (%) 279.0 (M+, 100); HRMS [EI (+)] calcd for 
Dimcthoxymcthyl acetate (2.43)2 13 
To a mixture of acetic anhydride (2.40) ( 1 04 mL, 1. 10 mol) and formic acid 
(2.41) (51.0 mL, 1.20 mol) was added trimethyl orthoformate (2.42) (II 0 mL, 1.00 mol). 
The colorless reaction mixture was stirred at room temperature for 24 h, followed by 
slow distillation under reduced pressures to remove all volatile side-products. The 
desired product 2.43 (59.1 g, 44%) was collected at 65- 67 °C, 20 mmHg (lit. bp21a 69 °C, 
35 mmHg) as a colorless liquid: 1H NMR (500 MHz) 8 6.20 (s, 1 H), 3.42 (s, 61-I), 2.11 (s, 
3H); 13C NMR ( 125 MHz) 8 169.6, 109.4, 52.3, 21.2. 
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Dimcthoxy-4-chlorophcnoxymcthanc (2.45)2 1b 
A mixture of dimethoxy methyl acetate (2.43) (37.2 g, 0.28 mol), 4-chlorophenol 
(2.44) (27.0 g, 0.21 mol), and p-toluenesulfonic acid (40.1 mg, 0.29 mmol) was heated 
with stirring at 40 oc for 4 h. After the side-product was removed under reduced 
pressure, the desired product 2.45 (36.1 g, 85%) was collected at 122- 123 °C, 15 mmHg 
(lit.2 1b 122 °C, 13 mmHg) as a colorless liquid: 1H NMR (500 MHz) 8 7.26- 7.24 (m, 2H), 
7.00- 6.98 (m, 2H), 5.56 (s, lH), 3.44 (s, 6H); 13C MR (125 MHz) 8 153 .5, 129.6, 
127.9, 11 9, 113.1, 51.5. 
2 1c Tctramcthoxycthanc (1.226) 
MeO OMe 
>=< MeO OMe 
To a suspension of sodium hydride (15.2 g, 60% dispersion in mineral oil, 380 
mmol) in tetraethyleneglycol dimethyl ether (120 mL) was added dropwise dimethoxy-4-
chlorophenoxymethane (2.45) (65.0 g, 0.32 mol) over 1 h at room temperature. The 
resulting brown mixture was then heated with stirring at 95 oc for a further 19 h. The 
reaction mixture was cooled to room temperature and Jet to stand for 24 h. The 
precipitates were filtered off by suction filtration and washed with pentane (3 x 20 mL) . 
The desired product 1.226 (14.2 g, 30%) was collected at 50- 51 °C, 12 mm Hg (lit.2 1c 
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46-49 °C, 12 mmHg) as a colorless liquid: 11-I NMR (500 MHz) 8 3.60 (s, 121-I); 13C 
MR ( 125 MI-Iz) 8 140.9, 58.2; GCMS mlz (%) 149 (M+, 30), 105 (90), 75 (100). 
General procedure for synthesis of 4-mcthoxyxanthoncs (1.228a- i) 
A mixture of aqueous 60% dimcthoxyacetaldehydc (2.41) (3.02 mL, 20.0 mmol) 
and pyrrolidine (1.65 mL, 20.0 mmol) in benzene (40 mL) was heated at reflux with a 
Barrett apparatus for 3 h. The freshly prepared 1-(2,2-dimethoxyvinyl)pyrrol idine 
(1.225) in benzene (20- 25 mL) was cooled to room temperature, and the dicne 1.15a- i 
( 1.1 - 2.5 mmol) was added in one portion. The resulting orange mixture was heated at 
reflux until the dienc was consumed completely (tic analysis). The reaction mixture was 
cooled to room temperature and the solvent was removed under reduced pressure. The 
residue was dissolved in CH2Cl2, washed with aqueous 1 M 1-ICI solution (2 x 20 mL), 
dried over MgS011 • and fi ltered. The solvent was removed under reduced pressure and 
the residue was purified by chromatography to yield the desired xanthoncs 1.228a- i. 
N,N-Dicthy 1-4-rn ethoxy-9-oxo-9 TI-xanthcnc-2-carboxamidc (1.228a) 
A mixture of enamine 1.225 and diene l.15a ( 499 mg, 1.84 mmol) was heated at 
reflux for 16 h and worked up according to the general procedure. Column 
chromatography (1 0:90 EtOAc:Cl-hCh) yielded xanthone 1.228a (299 mg, 50%) as a 
yellow solid: R1 = 0.50 (50:50 EtOAc: CH2Ch); mp 105- 106 oc; IR v 2965 (w), 2934 
(w), 2842 (w), 1653 (s), 1628 (s), 1598 (s), 1573 (m), 1468 (s), 1459 (s), 1434 (s), 1314 
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(m), 1287 (s), 1264 (s), 1165 (s), 1091 (s), 981 (m), 867 (m), 830 (m), 755 (s), 723 (m) 
(cm-1); 1 H NMR (500 MHz) b 8.34 (dd, J = 8.3 , 1.6 Hz, 1H), 7.92 (d, J = 1.1 Hz, 1l-I), 
7.78- 7.75 (m, IH), 7.63 (d, J = 9.1 Hz, 11-I), 7.42 (t, J = 7.3 Hz, I H), 7.35 (d, J = 2.4 Hz, 
1 H), 4.07 (s, 3H), 3.58 (br s, 2H), 3.38 (br s, 21-I), 1.26- 1.22 (br m, 6H); 13C NMR (125 
MHz) b 177.0, 170. 1, 156.1 , 149.4, 147.2, 135.3, 132.5, 126.9, 124.7, 122.1, 121.8, 
118.6, 115.4, 114.5, 56.8, 43.9, 39.9, 14.5 , 13. 1; MS [APCI (+)] mlz (%) 326 (M+, I 00) ; 
HRMS fEI ( )] calcd for C 19H 19N04 325. 131 4, found 325.1318. 
Ethyl-4-mcthoxy-9-oxo-9/J-xanthcnc-2-carboxylatc (1.228b) 
A mixture of enamine 1.225 and diene l.lSb ( 488 mg, 2.00 mmol) was heated at 
reflux for 2 h and worked up according to the general procedure. Column 
chromatography (10:90 EtOAc:hexanes) yielded xanthone 1.228b (423 mg, 71 %) as a 
yellow so lid: R1 = 0.50 (35:65 EtOAc:hexanes); mp 184- 186 °C (methanol); IR v 2986 
(w), 2838 (w), 171 5 (s), 1669 (s), 1600 (s), 1575 (s), 1493 (s), 1465 (s), 1290 (s), 1226 
(s), 1187 (s), I 088 (s), 990 (s), 941 (s), 758 (s) (cm-1) ; 1H NMR (500 Mllz) b 8.63 (s, 
I H), 8.36 (d, J = 8.2 I Iz, 11 I), 7.89 (s, 1 H), 7. 77 (t, J = 7.7 Hz, I H), 7.63 (d, J = 8.4 Hz, 
I H), 7.43 (t, J = 7.5 Hz, !H), 4.44 (q, J = 7.0 Hz, 2H), 4.10 (s, 3H), 1.45 (t, J = 7.1 Hz, 
31-l); 13C NMR (1 25 MHz) b 176.6, 165 .7, 155.8, 149.3, 148.8, 135.2, 126.8, 125.9, 
124.7, 122.1 , 12 1.7, 120.1 , 118.4, 115.2, 61.5, 56.6, 14.4; MS [APCI (+)] m/z (%) 299 
(M", 100); HRMS fEI (+)] calcd for C 17H 140 298 .0841 , found 298.0845 . 
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2-Bcnzoyl-4-methoxy-9/f-xanthcn-9-one (1.228c) 
A mixture of enamine 1.225 and diene 1.15c (552 mg, 2.00 mmol) was heated at 
reflux for 6.5 h and worked up according to the general procedure. Column 
chromatography (15 :85 EtOAc:hexanes) yielded xanthone 1.228c (562 mg, 85%) as a 
yellow solid: R;- = 0.30 (35:65 EtOAc:hexanes); mp 224- 225 oc (CH3CN-acetone); IR v 
2976 (w), 2938 (w), 1656 (s), 1596 (s), 1571 (s), 1493 (s), 1466 (s), 1384 (s), 1327 (s), 
1283 (s), 1231 (s), 1121 (s), 1090 (s), 973 (s), 878 (s), 832 (s), 752 (s), 726 (s), 685 (s) 
(cm-1); 11 I NMR (500 MHz) 8 8.34 (dd, J = 7.6, 1.3 Hz, 1H), 8.27 (d,.! = 2.1 Hz, I H), 
7.86- 7.83 (m, 311), 7.80- 7.77 (m, !H), 7.67- 7.62 (m, 2H), 7.53 (t, J = 7.7 Hz, 2H), 7.44 
(t, .! = 8.2 l-Iz, I H), 4.13 (s, 3H); 13C NMR (125 MHz) 8 195.4, 176.8, 156.0, 149.6, 
149.5, 137.5, 135.4, 132.9, 132.8, 130.2, 128.7, 126.9, 125.0, 121.9, 12 1.8, 121.7, 118.6, 
115.2, 56.9; MS [APCI (+)] m/z (%) 331 (M+, 100); HRMS [EI (+)] calcd for C21H 140 4 
330.0892, found 330.0895. 
4-Mcthoxy-2-(phcnylsulfonyl)-9ll-xanthcn-9-onc (1.228d) 
A mixture of enamine 1.225 and diene 1.15d (0.31 0 g, 1.00 mmol) was heated at 
reflux for 16 h and worked up according to the general procedure. Column 
chromatography (20:80 EtOAc:hexanes) yielded xanthone 1.228d (256 mg, 70%) as a 
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yellow solid: R1 = 0.45 (50:50 EtOAe:hexanes); mp 242- 243 oc (CHC13-acetone); IR v 
3069 (w), 2945 (w), 2843 (w), 1656 (s), 1589 (m), 1570 (m), 1489 (m), 1466 (s), 1443 
(s), 1324 (s), 1309 (s), 1270 (s), 1145 (s), 1099 (s), 1085 (s), 981 (s), 9 13 (s) , 859 (s), 767 
(s), 759 (s), 737 (s), 713 (s), 692 (s) (cm-1); 1H NMR (500 MHz) 8 8.48 (d, J = 2.0 Hz, 
1 H), 8.3 1 (dd, J = 7.9, 1.5 Hz, 1 H), 8.01 (d, J = 7.2 Hz, 2H), 7.79- 7.75 (m, 1 H), 7.72 (d, 
J = 2.1 Hz, I H), 7.59 (t, J = 8.6 Hz, 2H), 7.53 (t, J = 7.6 Hz, 2H), 7.43 (t, J = 7.5 Hz, 1 H), 
4.09 (s, 3H); 13C NMR (125 MHz) 8 176.1, 155.9, 149.9, 149.4, 14 1.4, 137.2, 135.7, 
133 .7, 129.7, 128.0, 127.0, 125.3 , 122.8, 12 1.7, 11 8.9, 118.6, 11 2.6, 57.1; MS IAPCI (+)] 
m/z (%) 367 (M+, 100); HRMS [EI (+)I calcd fo r C2oH 140 5S 366.0562, found 366.0571. 
2-Ethanoyl-4-mcthoxy-9H-xanthcn-9-onc (1.228c) 
A mixture of enamine 1.225 and diene l.lSc (428 mg, 2.00 mmol) was heated at 
refl ux for 6 h and worked up according to the general procedure. Column 
chromatography (15:85 EtOAc:hexanes) yielded xanthone 1.228c (483 mg, 90%) as a 
yellow sol id: R_r = 0.40 (50:50 EtOAe:hexanes); mp 207- 208 oc (acetone-hexanes); IR v 
2964 (m), 1686 (m), 1662 (m), 1590 (m), 1570 (m), 1488 (m), 1464 (s), 126 1 (s), 1220 
(s), 1087 (s), 102 1 (s), 982 (m), 88 1 (s), 803 (s), 757(s), 668 (s) (cm-1); 1H NMR (500 
MHz) 8 8.5 1 (d, J = 1.8 Hz, 1 H), 8.37 (dd, J = 7.9, 1.5 Hz, 1 H), 7.88 (d, J = 2.0 l-Iz, 1H), 
7.8 1- 7.77 (m, II-I), 7.66 (d, J = 8.3 Hz, 1H), 7.46 (t, J = 7.5 Hz, I H), 4. 10 (s, 3H), 2.73 
(s, 31-1); 13C NMR (125 Milz) 8 197.0, 176.9, 156.0, 149.9, 149.5 , 135.5, 132.7, 127.0, 
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125.0, 122.1, 121.8, 119.9, 118.7, 113.1, 56.8, 26.6; MS [APCI (+)] m/z (%) 269 (M+, 
1 00); HRMS [EI (+)] calcd for C16H1204 268.0736, found 268.0747. 
4-Mcthoxy-9-oxo-9//-xanthcnc-2-carbonitrilc (1.2281) 
A mixture of enamine 1.225 and diene l.lSf (493 mg, 2.50 mmol) was heated at 
reflux for 2 h and worked up according to the genera l procedure. Column 
chromatography (20:80 EtOAc:hexanes) yielded xanthone 1.228f (528 mg, 84%) as a 
light yellow solid: Rj = 0.50 (50:50 b tOAc:hexanes); mp 278- 279 oc (CI-hCN); IR v 
3083 (w), 2945 (w), 2230 (s), 1669 (s), 1593 (s), 1570 (s), 1490 (s), 1463 (s), 1375 (s), 
1323 (s), 1289 (s), 1230 (s), 11 37 (s), 1085 (s), 997 (s), 939 (s), 883 (s), 873 (s) , 866 (s), 
760 (s), 687 (m) (cm-1); 1H NMR (500 MHz) o 8.34 (dd, J = 7.8, 1.6 Hz, 1 H), 8.26 (d, J = 
2.4 llz, 1H), 7.82- 7.78 (m, I H), 7.64 (d, J = 8.0 Hz, III), 7.47 (t, J = 8.1 Hz, 1H), 7 .37 (d, 
J = 1.2 Hz, 1H), 4.08 (s, 3H); 13C NMR (125 MHz) o 175.7, 156.0, 149.8, 149.3, 135.9, 
127.1 , 125.4, 123 .7, 123.1 , 12 1.8, 118.7, 118.2, 116.6, 107.7, 57.0; MS [APCI (+)] m/z 
(%) 252 (M+, I 00); IIRMS rEI ( )] mlz (o/o)calcd for C 15H9N03 251.0582, found 
25 1.0587. 
94 
Chapter 2 
4-Mcthoxy-2-(4-nitrophcnyl)-9H-xanthcn-9-onc (1 .228g) 
OME 
A mixture of enamine 1.225 and diene l.lSg (498 mg, 1.70 mmol) was heated at 
reflux for 2 h and worked up according to the general procedure. Column 
chromatography (80:20 CH2Ch:hcxanes) yielded xanthone 1.228g (413 mg, 70%) as a 
yellow solid: R; = 0.35 (70:30 Cl-hCI2:hexanes); mp > 300 oc; lR v 2925 (w), 2851 (w), 
1665 (s), 1594 (m), 1573 (s), 1512 (s), 1467 (s), 1341 (s), 1289 (s), 1222 (s), 1143 (s), 
I 094 (s), I 064 (m), 979 (s), 850 (s), 845 (s), 759 (s) (cm-1) ; 11-l NMR (500 MHz) 8 8.39-
8.37 (m, I H), 8.35 (d, J = 8.5 Hz, 2H), 8.19 (d, J = 2.6 Hz, 11-l), 7.85 (d, J = 8.8 Hz, 21-l), 
7.79- 7.77 (m, Ill), 7.66 (d, J = 7.9 Hz, I H), 7.47 (d, J = 1.6 Hz, I H), 7.43 (d, J = 7.7 Hz, 
I H), 4.15 (s, 31-I); 13C NMR (150 MHz) { 1 H} CPMAS (cross-polarization under magic 
angle spinning), using 100 kHz of 1 1-I decoupling and 62.5 kHz for the I-Iartmann-Hahn 
matching condition. The spectrum was collected at room temperature (298 K) with a 
spinning rate u = 20kHz and 10240 scans: 8 173.9, 153.3, 148.2, 145.5, 144.3, 132.8, 
131.9, 131.4, 125.5 , 124.3, 12 1.3, 121.0, 119.6, 116.4, 110.0, 55.6 (two signals fewer 
than expected); MS [APCI (+)"J mlz (%) 348 (M1 , I 00); HRMS JEI (+)] calcd for 
C2oi-l 13N05 347.0794, found 347.0793. 
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4-Mcthoxy-2-phcnyl-911-xanthcn-9-onc (1 .228h) 
OMe 
A mixture of enarnine 1.225 and diene 1.15h (496 mg, 2.00 mmol) was heated at 
reflux for 17 h and worked up according to the general procedure. Column 
chromatography (2:98 CH2Ch:hexancs) yielded xanthone l.228h (308 mg, 5 I%) as a 
yellow solid: R; = 0.55 (35:65 EtOAc:hexancs); mp I 62- 163 oc; IR v 2923 (w), 2873 
(w), 1656 (s) , 1598 (s), 1571 (m), 1465 (s), 1325 (s), 1288 (s), 1218 (s) , 1095 (s), 917 (s), 
867 (s), 753 (s) , 696 (s) (cm-1) ; 11 l MR (500 MJ fz) o 8.37 (dd, J = 8.0, I .6 Hz, I H), 8. I 4 
(d, J = 2.3 I 1;-c, I I I), 7.77- 7.73 (m, 11 I) , 7.68 (d, J = 8.0 Hz, 211), 7.64 (d , J = 8.3 Hz, I II ), 
7.50- 7.47 (m, 31 1), 7.42- 7.38 (m, 21-l), 4. I I (s, 3H); 13C NMR ( 125 Ml I;.c) o 177.4, I 56.2, 
149.2, 146.3 140.1 , 137.1 , 135.0, 129.2, 128.0, 127.4, 127.0, 124.4, 123.0, 121.9, I 18 .5, 
115.9 I 14.8, 56.8; MS [APCI (+)] m/z (%) 303 (M+, 100); HRM lEI (+)] calcd for 
CzoH 140 3 302.0943 , found 302.0959. 
4-Mcthoxy-2-(4-mcthoxyphcnyl)-9/J-xanthcn-9-onc (1 .228i) 
OMe 
!\mixture of enaminc 1.225 and diene 1.15i (30 1 mg, I .08 mmol) was heated at 
reOux for 44 h and worked up according to the general procedure. Column 
chromatography ( I 0 :90 EtOAc:hexanes) yielded xanthone 1.228i (I 40 mg, 39%) as a 
yellow solid: R; = 0.50 (35:65 EtOAc:hexanes); mp 186- 187 oc (C1ICI3-hexanes); lR v 
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2942 (w), 2825 (w), 1653 (s), 1598 (s), 1578 (m), 1558 (m), 1490 (s) 1465 (s), 1366 (s), 
1286 (s), 12 19 (s), 1179 (s), 1028 (s), 979 (s), 820 (s), 793 (s), 75 I (s), 683 (s) (cm-1)· 1H 
MR (500 M llz) 8 8.36 (dd, J = 7.9, 1.8 l-Iz, I H), 8.08 (d, J = 2.6 Hz, I H), 7.76- 7.73 (m 
1H), 7.64- 7.60 (m, 31-1), 7.43 (d, J = 2 .8 liz, lli), 7.40 (t, J = 7.6 liz, I H) 7.03- 7.00 (m, 
2H), 4. 10 (s, 311), 3.87 (s, 31-1) ; 13C MR (125 MHz) 8 177.4, 159.7, 156.2, 149.1 , 145.9, 
136.7, 134.9, 132.6, 128.4, 126.9, 124.3, 123 .0, 12 1.9, 118.5, 11 5.2, 114.6, 114.5, 56.8, 
55.6; MS IJ\PCI (+) I mlz (%) 333 (IM-t ll ' l, 100); HRMS fEI ( ) I calcd for C21H 160 4 
332.1 049 found 332.1063. 
General procedure for synthesis of 3,4-dimethoxyxanthones (1.229a- i) 
To a clear, preheated (135 °C) solution of diene l.lSa- i (1.00 mmol) in I , I ,2,2-
tetrachloroethane (I mL) was added tetramethoxyethane (1.226) (740 mg, 5.00 mmol). 
The reaction mixture was heated with stirring at 135 oc until the diene was completely 
consumed (tic analysis). The reaction mixture was cooled to room temperatuJe and 
diluted wi th Cl 12Cl2 ( I 0 mL). Boron triOuoride diethyl etherate (I3F3·Et20) (500 ~-tL , 
4.00 mmol) was added and the resulting mixture was st irred at room temperature unti1 the 
conversion was completed (tic analysis). The reaction mixture was quenched by the 
addi tion of I 0% aqueous aHC03 solution ( 15 mL). The layers were separated and the 
aqueous layer was extracted with Cl hCI2 (3 x 15 mL). The combined organic layers 
were washed with brine (2 x 15 mL), dried over anhydrous MgS04 and filtered. The 
solvent was removed under reduced pressure and the resulting residue was purified by 
column chromatography to yield xanthones 1.229a- h. 
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2-Ethanoyl-3,4,4-trimcthoxy-3J/-xanthcn-9(4/1)-onc (2.46c) 
A mixture of TME (1.226) and diene l.lSc (428 mg, 2.00 mg) was heated at 135 
oc without solvent for I 0 h. The reaction mixture was cooled to room temperature, 
di luted with C II2Cb (20 mL) and washed with I HCI solution (2 x I 0 mL). Column 
chromatography (20:80 EtOAc:hexanes) yielded 2.46c ( 185 mg, 56%) as a colorless 
solid: RJ = 0 .50 (35:65 EtOAc:hexane) or colorless crystal (148 mg, 45%, acetone-
hexanes); mp 216- 217 oc (acetone-hexanes); IR v 2917 (w), 28..,7 (w), 1653 (s), 1610 (s), 
1565 (s), 1466 (s) , 1420 (s), 1262 (s), 1225 (s), 1198 (s), 1146 (s), 11 00 (s), 1071 (s), 921 
(s), 899 (s), 762 (s) 698 (s) (cm-1) ; 11 I MR (500 Ml-Iz) 8 8.27 (dd, J = 7.5, 1.7 Hz, I l l) , 
7.88 (s, 1H), 7.74- 7.71 (m, lH), 7.63 (d, J = 7.8 Hz, lH), 7.48 (t, J = 7.6 Hz, 111), 4.73 
(s, I H), 3.60 (s, 3H), 3 .33 (s, 3H), 3.23 (s, 311), 2.53 (s, 311); 13C MR (125 Mllz) 8 
197.7 174.9, 163.4, 155.8, 135.0 134.5, 131. 1' 126.4, 123.7, 119.1 ' 115.3, 99.2, 70.2, 
57.8, 5 1.2, 49.8, 25.4 (one signal fewer than expected); MS f/\.PCT (+)"I m/z (%) 33 1 (M 1, 
100); HRMS lEl (+)j calcd for C 181 I1s06 330.1103, found 330.1113. 
N,N-Dicthyl-3,4-dimcthoxy-9-oxo-91/-xanthcnc-2-carboxamidc (1.229a) 
0 
~CONE!; 
~o¥oMe 
OMe 
Diene 1.1 5a (271 mg, 1.00 mmol) was subjected to the general procedure (8 d 
heating). o lumn chromatography (20:80 ·t0Ac:CH2Cb) of the crude product yielded 
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xanthone l.229a (142 mg, 40% (48% borsm: 17% recovery of dienc l.lSa)) as a yellow 
solid : R; = 0.55 (EtOAc); mp 97- 98 °C; IR v 2971 (w), 2935 (w), 1660 (s), 1633 (s), 
1600 (s), 1463 (s), 1417 (s), 1348 (s), 1312 (s), 1289 (s), 1220 (s), 11 47 (s), 1058 (s) 886 
(s), 756 (s) (cm-1); 1I I MR (500 Mllz) 8 8.33 (dd, J = 8.05 , 1.35 Ilz, I H), 7.95 (s, I H), 
7.77- 7.73 (m, I II), 7.58 (d, J = 7.81lz, Ill), 7.41 (t, J = 7.6 Hz, 111), 4.10 (s, 3H) 4.09 
(s, 3H), 3.59- 3.56 (m, 2H), 3.21 - 3.17 (m, 21 I), 1.28 (t, J = 7.0 I Iz, 3JI), 1.08 (t, J = 6.8 
liz, 3II); 13C NMR (125 MHz) 8 176.2, 167.2, 156.2, 154.3, 15 1.4, 140.8, 135.0, 128.4, 
126.9, 124.6, 12 1.7, 119.6, 118.6, 118.2, 62.1, 61.9, 43.3 , 39.3, 14.2, 13.0; MS [J\PCI 
(+)] m/z (%) 356 (M 1 , 1 00); HRMS l ~ I (-l )] calcd for 20H21 0 5 355.1420 found 
355.1412. 
Ethyl 3,4-dimcthoxy-9-oxo-9/f-xanthcnc-2-carboxylatc (1.229b) 
0 
NYYCO;Et 
~oVa Me 
OMe 
Dicnc l.lSb (244 mg, I .00 mmol) was subjected to the general procedure (2 d 
heating) . Column chromatography (I 0:90 EtOAc:hexanes) of the crude product yielded 
xanthone 1.229b (230 mg, 70%) as a yellow solid: R;= 0.55 (35:65 EtOAc:hexanes); mp 
125- 126 oc; IR v 2988 (w), 2840 (w), 1714 (s), I671 (s) 1600 (s) I456 (s) 1438 (s), 
I340 (s), I285 (s), I2 18 (s), 1058 (s), 889 (s), 749 (s), 700 (m) (cm-1); 11-I MR (500 
Mllz) 8 8.55 (s, I I 1), 8.34 (dd, J = 7.9, 1.9 Jlz, I H), 7.78- 7.75 (m 11 I) 7.59 (d, .! = 7.9 
lI z, I I I), 7.43 (t, .J - 7.6 liz, 11 f), 4.42 (q, J = 7. 1 Hz, 21-l), 4.10 (s, 31 I), 4.01 (s, 3H), 1.43 
(t, J = 7.1 l iz, 311); 13C MR (I25 MHz) 8 176.3, 165.0, 158.0 156.2 153.1 142.2, 
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135.3, 127. 1, 124.9, 124.7, 122.7, 121.8, 118.4, 62.4, 62. 1, 6 1.6, 14.5 (one signal fewer 
than ex pected); MS fAPCI (+)) m/z (%) 329 (M+, 1 00); ITRM fEI (+)) calcd for 
2-Bcnzoyl-3,4-d imcthoxy-9H-xanthcn-9-onc (1.229c) 
Diene l.JSc (276 mg, 1.00 mmol) was subjected to the general procedure (26 h 
heating). Column chromatography (I 0 :90 EtOAc:hexanes) of the crude product yielded 
xanthone 1.229c (324 mg, 90%) as a yellow solid : R1= 0.55 (35:65 EtOAc:hexanes); mp 
156- 157 °C; IR v 2943 (w), 2844 (w), 1654 (s), 1596 (s), 1464 (m), 14 16 (s), 13 18 (s), 
1286 (s), 1250 (m), 1223 (m), 111 5 (s), 1072 (s), 759 (s), 729 (s), 704 (s), 668 (s) (cm-1)· 
111 M R (500 Mllz) 8 8.33 (dd, J = 8.2, 2.0 Ifz, 1 H) 8.11 (s, 111), 7.85- 7.83 (m, 211), 
7.79- 7.76 (m, Ill), 7.62- 7.59 (m, 2ll), 7.48 (t, J = 7.7 Hz, 2Il), 7.43 (t, J = 7.6 Hz, I ll), 
4 .11 (s, 31 1), 3.96 (s, 3H); 13C MR ( 125 M Hz) 8 194.5, 176.3 , 156.4, 156.2, 152.5, 
14 1.0, 137.5, 135.2, 133 .7, 130. 14, 130.08, 128.7, 127.0, 124.8, 122.4, 121.8, 118.4, 
118.2, 62.2, 62.1 ; MS IJ\PCI (-t) l mlz (%) 36 1 (M ~, 100); JIRM fEI (+)) calcd for 
C22 H1 60 s 360.0998, found 360.1007. 
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3,4-Dimcthoxy-2-(phcnylsulfonyl)-911-xanthcn-9-onc (1.229d) and 4,4,9-trimcthoxy-
2-(phcnylsulfonyl)-4,4a-dihydro-3J/-xanthcn-3-onc (2.49d) 
0 
~SO; Ph 
~oYoMe 
OMe 
1.2:/Sd 
OMe 
c¢r;c·Ph 
MeO OMe 
2.49 d 
Oienc l.lSd (3 12 mg, 1.00 mmol) was subjected to the general procedure (4 h 
heating). Column chromatography (2:98 Et0Ac:CH2Cb) of the crude product yielded 
xanthone 1.229d (71.4 mg, 18%) as a yellow so lid: R1 = 0.55 (2:98 Et0Ac:CH2C h); mp 
186- 188 °C; TR v 3089 (w), 2951 (w), 2846 (w) 1665 (s), 1582 (s) 1560 (s), 1483 (s), 
1412 (s), 13 16 (s), 1263 (s), 11 47 (s), I 090 (s), I 041 (s), 951 (s), 768 (s), 753 (s), 743 (s), 
686 (s) (cm-1) ; 1 If NMR (500 MI !z) 8 8 .9 1 (s, II I), 8.35 (dd, J = 7.9, 1.7 Hz, I H), 8.01 -
8.00 (m, 2 11), 7.79- 7 .75 (m, IH), 7.62- 7.5 1 (m 41-I), 7.47- 7.44 (m , !H), 4.01 (s, 311), 
3.95 (s, 311 )· 13C MR ( 125 MHz) 8 175.6, 156.0, 155.3 154.7, 14 1.9, 14 1.5, 135.5, 
133.5, 131.4, 129. 1, 128.6, 127.2, 125.3, 123.7, 121.8, 11 8.3, 118.1 , 62 .1 , 6 1.9; M 
IAPCI ( )l m/z (%) 397 (M+, 100); IIRMS lEI(+)] calcd for C21 Il1 60 6 396.0668, found 
396.0668 ; and a byproduct 2.49d (42.9 mg, I 0%) as a yellow solid: R1 = 0.52 (2:98 
EtOAc:CI-I2CI2) · mp 234-235 oc; lR v 3047 (w), 2990 (w), 2839 (w), 1695 (s), 161 2 (s) 
1545 (s), 1449 (s), 1368 (s), 1311 (s), 1275 (s), 11 58 (s), 1111 (s), I 081 (s), 964 (s), 862 
(s), 767 (s), 748 (s) 688 (s) (cm-1); 111 MR (500 MHz) 8 8.65 (s, 1 Il), 8.09 (d J = 7.6 
Hz, 2H), 7.59 (t, J = 7.6 Hz, 21-I), 7.52 7.48 (m, 3H), 7.40- 7 .37 (m, I I f) , 7.08 (t, J = 7.6 
liz, Ill), 7.02 (d , .J 7.6 liz, Ill), 5. 18 (s, Ill), 4 .08 (s, 3 1-1), 3.63 (s, 3H), 3.08 (s, 311); 
13C MR ( 125 Mllz) 8 185.1 , 161.5, 157.1 141.7, 140.4, 134.0 133.8, 13 1.9, 129.3, 
I 01 
Chapter 2 
129.0, 124.9, 123.0, 118.4, 118.1, 111.9, 97.0, 63.7, 52.9, 52.0 (one signal fewer than 
expected) ; MS [APCI (+)] mlz (%) 429 (M+, 2), 397 (M+ - OMe, 1 00); HRMS [EI (+)] 
calcd 428.0930 for C221-ho07 found 428.0930. 
2-Ethanoyl-3,4-dimcthoxy-9//-xanthcn-9-one (1.229c) 
Diene l.lSc (214 mg, 1.00 mmol) was subjected to the general procedure (6 h 
heating). Column chromatography (20:80 EtOAc:hexanes) of the crude product yielded 
xanthone 1.229c (292 mg, 98%) as a yellow solid : R1= 0.55 (35 :65 EtOAc:hexanes); mp 
145- 146 oc; IR v 2947 (w), 2843 (w), 1676 (s), 1660 (s), 1593 (s), 1465 (s), 1414 (s), 
1356 (s), 1330 (s), 1290 (s), 1086 (s), 1047 (s), 951 (s), 749 (s), 680 (m) (cm-1); 1H NMR 
(500 MHz) 8 8.43 (s, lH), 8.33 (dd, J = 8. 1, 1.6 Hz, 1 H), 7.78- 7.74 (m, I H), 7.58 (d, J = 
9.0 Hz, I H), 7.43 (t, J = 7.6 Hz, 1H), 4.13 (s, 3H), 4.08 (s, 3H), 2.66 (s, 3H); 13C NMR 
(125 MHz) 8 198.2, 176.3, 157.1, 156.2, 153.3, 141.3, 135.3, 130.0, 127.1 , 124.9, 123.4, 
121.8, 118.4, 118.3, 62.0 (2C), 31.1; MS [APCI (+)] mlz (%) 299 (M+, 100); HRMS rEI 
( -)j calcd for C,7H I40s 298.0841, found 298.0842. 
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3,4-Dimcthoxy-9-oxo-9H-xanthcnc-2-carbonitrilc (1.229f) and 4,4,9-trimcthoxy-3-
oxo-4,4a-dihydro-3H-xanthenc-2-carbonitrilc (2.49f) 
o5;t:" 
MeO OMe 
1.22Sf 2.4Sf 
Diene l.lSf ( 197 mg, 1.00 mmol) was subjected to the general procedure (24 h 
heating). Column chromatography (20:80 EtOAc:hexanes) of the crude product yielded 
xanthone 1.229f (107 mg, 38%) as a yellow solid: Iy = 0.50 (20:80 EtOAc:hexanes); mp 
187- 188 oc; IR v 2942 (w), 2841 (w), 2233 (s), 1672 (s), 1596 (s), 1562 (m), 1487 (m), 
1453 (s), 1417 (s), 1352 (s), 131 2 (s), 1214 (s), 11 15 (s), 1069 (s), 865 (s), 754 (s), 668 
(s) (cm-1) ; 11-I MR (500 MI-lz) 8 8.35 (s, I H), 8.33 (dd, J = 7.5, 1.9 Hz, I H), 7.81 - 7.77 
(m, 11-I), 7.59 (d, J = 8.4 Hz, lH), 7.47- 7.44 (m, lH), 4 .26 (s, 3H), 4 .09 (s, 3H); 13C 
MR (125 MHz) 8 175.2, 158.4, 156.0, 154. 1, 140.6, 135.7, 127.8 , 127.1 , 125 .3, 121.6, 
11 8.7, 118.4, 115 .4, 1 03.3 , 62.4, 62.2; MS r APCI (+)) mlz (%) 282 (M+, I 00); HRMS [Cl 
( )] calcd for c i6H II 0 4 H+ 281 .0766, found 282.0768; and a byproduct 2.49f ( 12.5 mg, 
4%) as a yellow solid: R1 = 0.47 (20:80 EtOAc:hcxanes); mp 202- 203 oc; IR v 2942 (w), 
2841 (w), 2225 (s), 1682 (s), 1598 (s), 1556 (m), 1478 (m), 1456 (m), 1332 (s), 1294 (s), 
1117 (s), 1094 (s), 1080 (s), 1045 (s), 967 (s), 898 (s), 778 (s) (cm-1); 11-J NMR (500 
MI-lz) 8 8.13 (s, lH), 7.47 (d, .J = 8.40 Hz, lfl), 7.4 1 (t, J = 8.05 Hz, 1H), 7.09 (t, J = 
7.55 Hz, I H), 7.05 (d, .J = 8.2 Hz, 1 H), 5.3 1 (s, 1H), 4.03 (s, 3H), 3.72 (s, 3H), 3.33 (s, 
3H); 13C NMR ( 125 MHz) 8 185.8, 160.4, 157.0, 145.5 , 134.2, 125 .0, 123.1, 118.2, 
118.0, 115 .2, 11 3.4, 1 06.8, 96.7, 63.8, 53.0, 52.3 (one signal fewer than expected); MS 
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j/\PCl (+YI mlz (%) M ' not observed, 282 (M+ - OMe, 100); IIRMS [El (+)] calcd for 
C,7H,sNOs313.0950, found 313.0950. 
3,4-Dimcthoxy-2-(4-nitrophcnyl)-9//-xanthcn-9-onc (1.229g) 
OMe 
A mixture of TME (1.226) and diene l.lSg ( 190 mg, 0.64 mmol) was heated at 
135 oc without solvent for 23 h. The reaction was cooled to room temperature and 
diluted with CI12Cl2 (10 mL). Bfy Et20 (4.0 equiv.) wa added and the mixture as 
stirred at room temperature for 5 h and worked up according to the general procedure. 
Column chromatography (2:98 EtO/\c:CI-hCh) of the crude product yielded xanthone 
l.229g (60.4 mg, 25% (31% borsm: 20% recovery of diene l.lSg)) as a yellow solid: R1 
= 0.55 (2:98 EtOAc:Cll2Ch); mp 214-215 oc (acetone); IR v 295 1 (w), 2843 (w), 1665 
(s), 1600 (s), 15 14 (s), 1456 (s), 1343 (s), 1312 (s), 1292 (s) 1227 (s), 1089 (s), 1039 (s), 
980 (s), 844 (s), 760 (s), 753 (s), 748 (s), 705 (s) (cm-1) ; 1H MR (500 Mllz) 8 8.36 (dd, 
J = 7.7, 1.7 I lz, I I I), 8.33- 8.30 (m, 211), 8.12 (s III), 7.79- 7.75 (m, 31 1), 7.61 (d, J = 8.0 
Hz, Ill), 7.45- 7.42 (m, 1H) 4.14 (s, 3II), 3.91 (s, 3H); 13C MR (125 MHz) 8 176.5 
156.3, 155.7, 151.4, 147.4, 143.9, 141.5, 135.2 130.5,130.0 127. 1 124.7, 123.7, 122.8 , 
121.8, 118.9, 118.4, 62.2, 61.7; MS j/\P I (+)l mlz (%) 378 (M ", 100); I-IRMS [EI (+)I 
calcd for c 2,ll,s 06 377.0899, found 377.0896. 
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3,4-Dimethoxy-2-phenyl-9Jl-xanthene-9-one (1.229h) 
OMe 
Diene l.lSh (248 mg, 1.00 mmol) was subjected to the general procedure (1 0 h 
heating). Column chromatography (80:20 CH2Cl2:hexanes) of the crude product yielded 
xanthone 1.229h (19.3 mg, 6%) as a yellow solid: R1= 0.40 (80:20 CH2Cl2:hexanes); mp 
115- 117 oc; lR v 2933 (w), 2847 (w), 1662 (s), 1600 (s), 1465 (s), 1453 (s), 1413 (s), 
1354 (s), 1291 (s), 1226 (s), 1086 (s), 1039 (s), 102 1 (s), 952 (s), 895 (s), 756 (s), 710 (s) 
(cm-1); 1 H MR (500 MHz) 8 8.35 (d, .J = 7.9 Hz, I I I), 8.09 (s, I H), 7. 75 (t, J = 8.0 Hz, 
IH), 7.61- 7.57 (m, 3H), 7.50-7.37 (m, 4H), 4.12 (s, 3H), 3.85 (s, 3£I); 13C NMR (125 
MHz) 8 156.3, 156.1, 150.6, 141.4, 137.2, 134.9, 132.6, 129.6, 128 .5, 127.8, 127.0, 
124.4, 122.7, 12 1.9, 118.8, 118.3 , 62.1 , 61.5 (one signal fewer than expected); MS [APCl 
( )] m/z (%) 333 (M+, 100); HRMS [El (+)] calcd for C21H160 332.1049, found 
332.1055. 
2.4.2 UV and Fluorescence Measurements 
Solutions of xanthones 1.228a- i and 1.229a- h in CHCI3 were prepared with 
concentration around 2 x 10-5 M. As absorption and emission spectra of de-aerated 
solutions (5 min by a vigorous N2 purge) and non-deaerated solutions were identical, the 
deaeration was excluded from the experiments for simplification. UV and fluorescence 
of all samples were measured in the same range of absorbance (0.9 < 11 < 1.2). 
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Concentrations of a ll samples were normalized. Extinction coefficients (c:) were 
calculated by using equation (I). 
A = Eic ( I ) 
(A is absorbance; I is the optica l path length ; c is concentration) 
The excitation wavelengths (Aex = Ama/sb + 20) were applied for all compounds. 
Emission data were corrected (multiple with the correction factors of the instrument). 
Emission quantum yields ((_{)em) were measured in optically dilute (A < 0.1 at 350 nm) 
solutions (CHC13 for sample and aqueous 0 .1 M J-bS04 for quinine bisulfate, a standard). 
The emission quantum yields were calculated by using equation (2).36 
(_{) u _ (_{) std !!:..___ _I_ ~ 
( 
std J( 11 J( u J2 
em - Clll A" rtd n Dstd (2) 
A is the absorbance of the sample at exci tation wavelength (depending on absorbance of 
standard, 350 nm for quinine bisulfate). I is the integrated intensity of the emission band. 
n0 is the refractive index of the solvent (1.443 for CHCI3 and 1.333 for 0.1 M I-12S04, 
assumed equal to that of H20). The superscripts u and std refer to the unknown sample 
and standard, respectively. The emission quantum yield ( C/Jcm) of quinine bisulfate is 
0.54. 
All measurements were carried out in the same cuvette (quartz) at room temperature. 
Spectra were plotted using Origin 7.5 sofware. 
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UVNis and Fluorccence data of 1.228a- i 
EWG uv Fluorescence Quantum yield 
Amax (nm) E (mor 1.L.cm-1) ll.max (nm) Intensity 
CONEt2 344 6,814 390 615,897 
254 51 ,439 299 66,078 
C0 2Et 337 5,674 380 244,287 
254 53,376 300 46,553 
CO Ph 315 12,545 362 185,313 
265 43,504 294 37,345· 
COMe 337 1,415 380 245,287 
309 11 ,238 363 133,872 
262 58,563 295 38,487 
S0 2Ph 343 7,328 380 288,977 
299 9,452 357 148,035 
257 57,238 301 62,257 
CN 346 7,936 386 413,502 
299 9,068 357 239,171 
253 72,410 299 86,600 
p-CsH4N0 2 341 16,659 385 200,710 
296 14,015 NA NA 
253 36,407 300 34,635 
Ph 354 6,222 426 12,829,500 0.072 
267 62,088 426 8,516,661 
p-C6H40Me 361 4,928 462 29,399,386 0.130 
281 45,407 462 26,191 ,601 
265 42,335 462 20,797,729 
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UV/Vis and Fluorescence data of 1.229a- h 
EWG uv F 
Amax (nm) E (mor1.L.cm·1) Amax (nm) Intensity Quantum yield 
CONEt2 337 6,757 386 292,084 
296 10,010 416 166,144 
249 48,182 293 22,883 
C02Et 336 3,027 377 263,474 
254 32,780 297 72,717 
CO Ph 336 6,910 376 253,818 
255 39,951 300 42,196 
COMe 337 6,849 377 455,026 
260 61 ,348 300 128,435 
S02Ph 334 5,559 373 406,415 
256 67,401 295 113,976 
CN 336 6,193 374 403,819 
255 76,622 298 101,770 
p-CsH4N0 2 298 27,773 353 69,625 
247 42,631 292 10,738 
Ph 341 4,317 413 1,272,229 0.0072 
258 30,505 298 216,598 
2.4.3 Crystallographic Data for 2.46e and 2.49d 
X-ray crystallographic analysis for compounds 2.46e and 2.49d was performed by 
Dr. Louise N. Dawe, Memorial University. The text and data given below were taken 
from the reports provided by Dr. Dawe. 
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2-Ethanoyl-3,4,4-trimcthoxy-3H-xanthcn-9(4H)-onc (2.46c) 
A colorless prism, monoclinic crystal of C 18H 180 6 (formula weight 330.34) 
having approximate dimensions of 0.38 x 0.38 x 0.35 mm was mounted on a glass fiber. 
All measurements were made on a Rigaku Saturn CCD area detector with graphite 
monochromated Mo- Ka radiation (A. = 0. 71 070 A). Indexing was performed from 360 
images that were exposed for 13 seconds. The crystal-to-detector distance was 40.02 
mm. 
Cell constants and an orientation matrix for data collection corresponded to a 
primitive monoclinic cell with dimensions: a = 8.4566(7) A, b = I 0.6306(9) A, fJ = 
3 
96.6446(16)0 , c = 17.7943(16) A, V = 1588.9(2) A. For Z = 4 and F. W. = 330.34, the 
calculated density is 1.381 g/cm3. The systematic absences of: hOI: I ± 2n, OkO: k ± 2n 
uniquely determine the space group to be: P21 /c (# 14). 
The data were collected at a temperature of -120 ± I octo a maximum 28 value of 
61.6°. A total of 720 oscillation images were collected. A sweep of data was done using 
co scans from -75.0 to 105.0° in 0.5° step, at x = 0.0° and ct> = 0.0°. The exposure rate 
was 26.0 [sec/0 J. The detector swing angle was 15.06°. The crystal-to-detector distance 
was 40.02 mm. Readout was performed in the 0.137 mm pixel mode. 
The final cycle of full-matrix least-squares refinement on F was based on 3628 
observed reflections and 219 variable parameters and converged (largest parameter shift. 
was 0.00 times its esd) with unweighted and weighted agreement factors of: R1= 0.0427 
and wR2 = 0.1143. The standard deviation of an observation of unit weight was 1.064. 
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Unit weights were used. The maximum and minimum peaks on the final difference 
Fourier m~p corresponded to 0.29 and -0.21 e-/A3, respectively. 
4,4,9-Trimcthoxy-2-(phcnylsulfonyl)-4,4a-dihydro-3H-xanthcn-3-onc (2.49d) 
A yellow prism crystal of c 22l-ho0 7S having approximate dimensions of 0.58 X 
0.49 x 0.10 mm was mounted on a glass fiber. All measurements were made on a Rigaku 
Saturn CCD area detector with graphite monochromated Mo- Ka radiation. Indexing was 
performed from 360 images that were exposed for 20 seconds. The crystal-to-detector 
distance was 40.02 mm. 
Cell constants and an orientation matrix for data collection corresponded to a 
primitive triclinic cell with dimensions: a = 9.2279(17) A, a = 87.802(9)0 ; b = 9.907(2) 
A, j3 = 71.462(8)0 ; c = 11.199(2) A, y = 86.140(1 0)0 ; V = 968.4(3) A3. For Z = 2 and 
F.W. = 428.46, the calculated density is 1.469 g/cm3. Based on a statistical analysis of 
intensity distribution, and the successful solution and refinement of the structure, the 
space group was determined to be P-1 (#2). 
The data were collected at a temperature of -160 + I oc to a maximum 20 value 
of61.7°. A sweep of data was done using w scans from -75.0 to 105.0° in 0.5° step, at x 
= 0.0° and 0 = 0.0°. The exposure rate was 40.0 [sec/ 0 ]. The detector swing angle was 
15.22°. The detector swing angle was 15.22°. The crystal-to-detector distance was 40.02 
mm. Readout was performed in the 0.13 7 mm pixel mode. 
The final cycle of full-matrix least-squares refinement on F was based on 4433 
observed reflections and 273 variable parameters and converged (largest parameter shift 
was 0.00 times its esd) with unweighted and weighted agreement factors of R 1 = 0.0505 
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and wR2 = 0.1192. The standard deviation of an observation of unit weight was 1.11 . 
Unit weights were used. The maximum and minimum peaks on the final difference 
1·ourier map corresponded to 0.32 and -0.48 e-/A3, respectively. 
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Synthesis and Physical Properties of 2-Aryl-4-methoxyxanthones 
and the Attempted Synthesis of 2,4-Diarylxanthones 
3.1 Introduction 
Xanthones possessing aryl substitutents have not been found in nature, but some 
of them have been synthesized during the course of methodological studies. for 
example, 3-phenylxanthones 3.3 1 were obtained from the Diels-J\Ider reactions between 
2-styrylchromones 3.1 and en am ines 3.2, while 2,3-diarylxanthones 3. 72 were 
synthesized from 3-bromo-2-styrylchromones 3.4 with styrenes 3.5 via Heck coupl ing, 
followed by electrocyclic ring closure and ox idation (Scheme 3. 1 ). However, the 
physical properties of these synthetic xanthones were not studied . 
Q 
3.2 
0 A 0 Me 
re f u~ 4 h 
.... 
u 
".;::: IR = H Me OMe C ; 
3.1 h 57- 7€% 
R 
rG ~ 3.5 
0 Et<N PdiPPh<;, PPh< NMP 
re t u~ c r 1 EC ·c 3 12 h 
iR R = H OMe OBn; 
3.4 R 2C- EE% R R 
Scheme 3.1 Synthesis ofaJylxanthoncs 3.3 and 3.7. 
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Among the newly synthesized 4-methoxy- and 3,4-dimethoxyxanthones 1.228 
and 1.229 (Chapter 2), xanthones 1.228h,i, which have a phenyl and 4-methoxyphcnyl 
group at the 2 position, respectively, gave the highest fluorescence quantum yields ( 1Jcm = 
0.07 and 0. I 3, respectively). As such, xanthones 3.9 and 3.10 (Scheme 3.2) which bear 
larger arenyl substituents (naphthyl and pyrcnyl) are postulated to exhibit higher 
fluorescence quantum yields than those of 1.228h,i. The aims of this project were to 
synthesize mono- and diarylxanthones employing the methodology developed in Chapter 
2 and to study their physical properties. Specifically, 2-aryl-4-methoxyxanthones 3.9 and 
2-aryl-4-phenylxanthones 3.10 could be obtained from the reactions of the corresponding 
dienes 3.8 with cnamincs 1.225 and 1.227, respectively (Scheme 3.2). The new dienes 
3.8, in turn, should be accessible from 3-formylchromone (2.19) via a decarboxylativc I 
Knoevenagcl condensation. Thus, the aryl substituents in the target systems originate 
from both the diene and the dienophile. 
MeO 0 
>=< MeO H 
1.225 
lEODA 
( Aryl = naphthyl, pyrenyl J 
MeO 0 0::, 
lEODA 
~ decarboxylative I il Knoevenagel condensation 
o&CHO 
2.19 
Scheme 3.2 Rctrosynthctic analysis of target arylxanthones 3.9 and 3.10. 
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3.2 Results and Discussion 
3.2.1 Synthesis of Dienes 3.8 
Dienes 3.8a- c were p repared accord ing to the procedure for d iene 1.1Sh (Chapter 
2). Specifica lly, the reaction of 3-formylchromone (2.19) with the corresponding 
arylacetic acids 3.11- 3.13 (2- 3 equiv.) in pyrid ine at refl ux in the presence of t-BuOK 
gave dienes 3.8a- c in moderate yields (Table 3.1 ). In comparison to diene 1.1 Sh, which 
was formed in good yie ld (82%) after reacting for 22 h, the yie lds of 3.8a- c (37- 50%) 
were lower and the reaction times were longer (47- 240 h). T he greater steric demands of 
the napthalenyl and pyrenyl substi tucnts (compared to phenyl) and the di fferences in the 
acidity of the benzylic protons arc likely to be important factors here. The trans 
geometries o f the double bonds in the newly synthesized dienes 3.8a- c were confi rmed 
by proton M R spectroscopy (J ~ 16 1 Iz). 
147 
haptcr 3 
Table 3.1 Synthesis of dicnes 3.8a 
0 HOOC'--" Ary 0 
roCHO 3.11 - 3.13 ~Ary I I 
0 pyr d ne 1-BuOK ref U) 0 
2.19 3.Sa- c 
Dienes 1.15h and 3.8a- c 
Entry HOOC'--" Ary 
Structure Time (h) Yield(%) 
HOOC~ 0 ""'::: 22 82 
2.37 
1.15h 
HOOC!D 0 2 51 42 
:::,.., 1 
3.11 
3.aa 
~ 0 3 240 37 HOOC 
3.12 
3.a b 
4 ~ 47 50 HOOC 3.13 
3.ac 
3.2.2 Synthesis of Dicnophilc 1.227 
Dienophile 1.227, an enamine, was prepared from the reaction of pyrrolidine with 
methoxyphcnylacctaldehyde (3.16),3 which was obtained from 2-methoxy-2-
phenylethanol (3.14) via a Dess-Martin oxidation (Scheme 3 .3). /\ !though the oxidation 
of 3.14 was carried out under mild conditions, the major product 3.16 (39%) was formed 
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along with a minor product, benzaldehyde, which has been rep011cd to be the maJor 
product in the oxidation of phenylallyl ic alcohols with PCC.4 . The low yield of the 
desired aldehyde 3.16 can, to some extent, be attributed to the usc of vacuum distillation 
for purification. 
3.14 
AcO, pAc 
(ii';OAc 
~ 3.15 
0 
CH; C ; rt o~erngh t 
3S% 
Scheme 3.3 ynthcsis of dienophile 1.227. 
:)-cHO 
0 
3.16 
3.2.3 Synthesis of 2-Aryl-4-mcthoxyxanthoncs 
Q 
H 
be nze ne ref u~ 2- 3 h 
------~ .... 
1.227 
The IEDDA-drivcn domino reactions between dienes 3.8a- c and cnaminc 1.225 
(generated from dimcthoxyacetaldehydc and pyrrolidine) successfully gave 2-aryl-4-
mcthoxyxanthoncs 3.9a- c (Table 3.2). Similar to xanthoncs 1.228h (50%, Chapter 2), 
3.9a was obtained in moderate yield ( 44%). An attempt to improve the reaction yields of 
1.228h and 3.9a by increasing the amount of cnamine 1.225 from I 0 to 18 cquiv. was 
unsuccessful. Surprisingly, xanthoncs 3.9b and 3.9c were obtained in high yields, 81% 
and 90%, respectively. The reason why the yields for these compound were so high is 
unclear. 
149 
Table 3.2 Synthesis of 2-aryl-4-methoxyxanthones 3.9a- c. 
~Ary 
l0l,) 0 
3.8a- c 
MeO 0 
>=< MeO H 
1.225 _______ .,.. 
be nzene ref U) 
-------
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3.Sa- c 
Arylxanthone 
Entry Diene 
1.15h 
2 3.8a 
3 3.8b 
4 3.8c 
a) I 0 equiv. of dienophile 
Structure 
OMe 
1.228h 
3.Sa OMe 
3.Sb OMe 
0 
OMe 
3.Sc 
b) 18 equiv. of dienophile 
150 
Time (h) Yield(%) 
17 
29 
29 81 c 
29 gob 
c) 13 equiv. of dienophile 
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3.2.4 Attempted Synthesis of 2,4-Diarylxanthones 
The IEDDA reaction between diene 1.15h and enamine 1.227 was attempted first. 
When conditions similar to those employed successfully for dienes 1.15 (ca. 0.2 M in 
benzene, reflux) and enamine 1.225 were used, no reaction was observed (Scheme 3.4). 
MeO 0 OH 
1.227 
'\/ )I 
sa vent ref U) overn ght 
1.15h 
Scheme 3.4 Attempted synthesis of 2,4-diphenylxanthones 3.17. 
The reaction was then performed with higher concentration of diene 1.15h (ca. 
1.0 M) in toluene, a higher boiling solvent. Although diene 1.15h was consumed 
completely after 2 h (tic analysis), no major new spots were observed by tic analysis and 
no trace of the desired diarylxanthone 3.17 was detected by mass spectrometric analysis 
of the crude reaction mixture. To probe whether the diene I dienophile combination was 
not reactive enough, a more electron-deficient diene, 1.15b (EWG = C02Et), was reacted 
with enamine 1.227. Indeed, the desired xanthone 3.18 was obtained in 57% yield from 
this reaction (Scheme 3.5). 
0 
~CO;EI 
0 
1.15b 
1.227 Ia uene ref U) 4 h 
57% 
Scheme 3.5 Synthesis ofaylxanthones 3.18. 
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To understand more about the relative reactivity of dienophiles 1.227, 1.225 and 
1.226, their HOMO energies were calculated (RHF/3-21G*//AM1 /toluene)5 along with 
the LUMO energies of dienes 1.15b, 1.15h, and 3.8a- c (Table 3.3). 
Table 3.3 HOMO-LUMO gap calculations. 
Dienophiles 0 0 MeO OMe MeO MeO >=< HOMO (eV) Q, >=< MeO OMe MeO H 1.226 H 
.227 1.225 
Entry 0 
~R -6.99 -7.41 - 8.18 
0 
dienes R LUMO (eV) HOMO- LUMO (eV) 
1 1.15b C02Et 1.99 8.98 9.4 10.17 
2 1.15h Ph 2.17 9.16 9.58 10.35 
3 1.15g p-N02CsH4 1.38 8.37 8.79 -
4 3.8a 1-naphthyl 2.16 9.15 9.57 -
5 3.8b 2-naphthyl 2.16 9.15 9.57 -
6 3.8c 1-pyrenyl 1.53 8.52 8.94 -
The HOMO energy levels of dienophiles 1.227, 1.225, and 1.226 are respectively 
- 6.99, - 7.41 , and - 8.18 eV, which suggest that enamine 1.227 should be the most 
reactive of the three dienophiles. However, the observation of! ower reactivity than 1.225 
suggests that the steric demands of the phenyl group in dienophile 1.227 destabilize the 
IEDD/\ 6 transition state. This may also be the reason that a different reaction pathway 
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appears to have been taken in the reaction with diene 1.15h. Therefore, no further 
attempt was made to employ dienes bearing electron-neutral groups, e.g. 3.8a and 3.8b. 
However, dienes 1.15g and 3.8c (Table 3.3), which have lower-lying LUMOs than 1.15b, 
may be good substrates for future investigation . 
3.2.5 PhysicaJI>ropertics of Arylxanthones 3.9a- c and 3.18 
The positions of the lowest energy absorption bands of arylxanthones 3.9a- c and 
3.18 (356- 366 nm) a re similar to that of xanthone 1.228h (354 nm), but much lower in 
intensity, except for 3.9c (Figure 3 .1 , Table 3.4). The anomalous behaviour of 3.9c was 
also observed in its fluorescence, in which it emitted at a longer wavelength (504 nm) 
than those of 1.228h (426 nm), 3.9a (436 nm), and 3.9b (438 nm). As a result, xanthone 
3.9c has the largest reorganization energy (,1.1 = 4050 cm-1) among the series of xanthoncs, 
while those of xanthones 3.18 and 3.9a- b range from 1639 to 2345 cm-1• As expected, 
the fluorescence quantum yields of arylxanthones 3.9a- c ( C[Jcm = 0.11 - 0.14) are higher 
than that of 1.228h (C[Jem = 0.072), but not by very much. Similar to the 4-
methoxyxanthones 1.228a- g, 4-phenylxanthonc 3.18 exhibits much weaker fluorescence 
than the 2-aryl-4-methoxyxanthones 3.9a- c. It thus appears as though a phenyl group at 
the 2-position enhances the fluorescence more than a phenyl group at the 4-position. 
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- 1.228h (aryl = Ph) 
- 3.9a (aryl = 1-naphthyl) 
- 3.9b (aryl = 2-naphthyl) 
- 3.9c (aryl = pyrenyl) 
- 3.18 (EWG = CO,Et)) 
450 500 550 600 
Wavelength (nm) 
650 
Figure 3.1 Absorption and emission spectra of arylxanthones 1.228h, 3.9a-c and 3.18 in CHCI3 
(3 x to-s M). 
Table 3.4 Physical data of xanthones 3.9a-c and 3.18 in comparison with 1.228h. 
Eabs (cm-1) Eem (cm-1) Stokes shift 
-"max (abs) -"max (em) At 
Comp. (= 1/,\ X 107) (= 1/,\ X 107) (cm-1) 4>em 
(nm) (nm) (cm"1) 
(Eabs - Eem) = 2At 
1.228h 354 28200 426 23500 4770 2390 0.072 
3.9a 362 27600 436 22900 4690 2350 0.11 
3.9b 366 27300 438 22800 4490 2250 0.14 
3.9c 358 27900 504 19800 8090 4050 0.12 
3.18 356 28100 403 24800 3280 1640 -
3.3 Conclusions 
2-Aryl-4-methoxyxanthones 3.9a- c were successfully synthesized employing the 
IEDDA-driven domino reactions between the corresponding aryl dienes 3.8a- c and 
dienophile 1.225. However, the reaction of diene 3h with dienophile 1.227 failed to 
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afford 2,4-diphenylxanthone 3.17. Although it was not a suitable approach for formation 
of 2,4-diarylxanthones 3.10, the 4-arylxanthones such as 3.18 were obtained. The 
fluorescence quantum yields of xanthones 3.9a- c, which bear naphthyl and pyrenyl 
groups, arc slightly higher than that of xanthones 1.228h, which bear a phenyl group. 
Overal l, this work contributed the development of new methodology for the synthesis of 
4-arylxanthones as well as enriched a rare category of compounds through the synthesis 
of some new arylxanthones. 
3.4 Experimental Section 
General methods and instrumentation used are identical to those described 111 
Chapter 2 (see page 76- 77). 
3.4.1 Experimental Procedures7 
General prodecure for the synthesis of dienes 3.8a- c 
A mixture of arylacetic acid (2- 3 equiv.), t-BuOK (1 - 1.5 equiv.) and 3-
formylchromone (1 equiv.) in pyridine was heated at reflux until 3-formylchromone was 
consumed (tic analysis) . The reaction mixture was cooled to room temperature, poured 
into icc-water (300 mL) and acidified with aqueous 6 N HCI solution until the pH 
reached ~5. The yellow precipitate was collected by suction filtration, washed several 
times with deionized water and dried in air. Purification of the crude product by column 
chromatography yielded dicnes 3.8a- c as yellow solids. 
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(E)-3-(l-Naphthyl)-4H-chromcn-4-onc (3.8a) 
0 
0 
A mixture of 1-naphthaleneacetic acid (3.12) (3.18 g, 17.1 mmol), t-BuOK ( 1.02 
g, 8.60 mmol) and 3-formylchromone (2.19) (993 mg, 5.70 mmol) in pyridine (35 mL) 
was heated at reflux for 51 h and worked up according to the general procedure. Column 
chromatography (20:80 EtOAc:hexanes) yielded diene 3.8a (709 mg, 42%) as a yellow 
solid: R1 = 0.35 (20:80 EtOAc:hexanes); mp 117- 118 oc; IR v 3059 (w), 1640 (m), 1612 
(m), 1643 (s), 1404 (m), 1358 (m), 1289 (m), 1196 (m), 1156 (m), 973 (m), 857 (m), 787 
(s), 775 (s), 757 (s), 695 (m) (cm-1) ; 11J NMR (500 Mllz) 8 8.58 (d, J = 16.0 Hz, lH), 
8.34 (dd, .J = 8.0, 1.3 liz, Ill), 8.28 (d, .J = 8.3 Hz, I H), 8.15 (s, I H), 7.85 (d, J = 8.0 Hz, 
I H), 7.79 (d, J = 8.0 Hz, IH), 7.73 (d, J = 7.1 Hz, Il-l), 7.67 (t, J = 7.5 Ilz, lH), 7.56-
7.40 (m, SI-1), 6.96 (d, J = 15.9 Hz, I H); 13C NMR (125 MHz) 8 176.9, 155.9, 153.9, 
135.4, 133 .9, 133.7, 131.5, 129.6, 128.7, 128.4, 126.4, 126.35, 126.0, 125.8, 125.5, 124.5, 
124.2, 123.5, 122.2, 122. 1, 118.26;MS fAPCI(+)] m/z(%)299(M+, lOO); HRMS [EI 
( )] calcd for c 2lllltlo2 298 .0994, found 298. 0988. 
(£)-3-(2-Naphthyi)-4H-chromcn-4-onc (3.8b) 
A mixture of 2-naphthalcneacetic acid (3.1 3) (3.18 g, 17.1 mmol), t-BuOK (673 
mg, 5.70 mmol) and 3-formylchromone (2.19) (0.993 g, 5.70 mmol) in pyridine (35 mL) 
was heated at reflux for I 0 d and worked up according to the general procedure. Column 
156 
------------------------------~ 
Chapter 3 
chromatography (1 0:90 EtOAc:hexanes) yielded diene 3.8b (635 mg, 37%) as a yellow 
solid: R; = 0.39 (20:80 EtOAc:hexanes) ; mp 160- 161 oc ; IR v 3086 (w), 1635 (s), 161 4 
(m), 1570 (m), 1466 (s), 1401 (w), 1385 (w), 1350 (m), 1218 (m), 1188 (m), 11 66 (m), 
974 (m), 850 (m), 818 (m), 803 (m), 754 (s), 695 (m) (cm-1) ; 1H NMR (500 MHz) 8 8.32 
(dd, J = 7.8, 1.8 Hz, 1 1-I), 8.15 (s, 1 H), 7.87- 7.77 (m, 5H), 7 .74 (dd, J = 8.7, 1.4 Hz, II I), 
7.69- 7.65 (m, I H), 7.48- 7.41 (m , 41-f), 7.1 1 (d, J = 16.5 Hz, 1H); 13C NMR (125 MI-Jz) 8 
176.8, 156 .1 , 153 .2, 135.1 , 133.9, 133 .7, 133 .4, 13 1.9, 128.5, 128.3, 127.9, 127.1, 126.5 , 
126.2, 125.5, 124.4, 123 .7, 122.1 , 119.6, 118.3 (one signal fewer than expected); MS 
I_APCl (+)] m/z (%) 299 (M+, 1 00); HRMS [El (+)] calcd for C21H 1402 298.0994, found 
298.0991. 
(E)-3-(1-J>yrcnyi)-4H-chromcn-4-onc (3.8c) 
A mixture of 1-pyreneacetic acid (3.14) (500 mg, 1.92 mmol), t-BuOK (1 08 mg, 
962 1-1mol) and 3-formylchromone (2.19) ( 167 mg, 959 j..tmol) in pyridine (18 mL) was 
heated at reflux for 4 7 h and worked up according to the general procedure. Column 
chromatography (20:80 EtOAc:hexanes) yielded dienc 3.8c (179 mg 50%) as a yellow 
solid : R; = 0.32 (20:80 EtOAc:hexanes); mp 185- 186 oc; IR v 3054 (w), 1636 (s), 1574 
(w), 1556 (w), 1466 (s), 1400 (m), 1358 (m), 1220 (m), 1193 (m), 1173 (m), 968 (m), 841 
(s), 824 (m), 753 (s), 716 (s), 693 (s) (em· \ 1H MR (500 MHz) 8 8.90 (d, J = 16.6, 
I H), 8.54 (d, J = 8.3 , 11-I), 8.35 (d, J = 8.0, I H), 8.28 (d, J = 7.4 Hz, Il-l), 8.17- 8. 11 (m, 
5H), 8.03 (s, 21-f), 8.00- 7.97 (t, J = 7.6, I H), 7.68- 7.65 (t, J = 7.0, !H), 7.47- 7.43 (m, 
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2H), 7 .11 (d, .J = 16.3 Hz, I H); 13C NMR (125 MHz) 8 177.0, 155.9, 154.0, 133 .7, 132.3 , 
13 1.7, 131.2, 129.4, 128.7, 127.9, 127.7, 127.6, 126.5, 126.2, 125 .53 , 125.5, 125.3 , 125.2, 
125 .1, 124.5, 123 .5, 122.3, 122.2, 118.3 (three signals fewer than expected); MS [APCl 
(+)] m/z (%) 373 (M~, 100); IIRMS rEI(+)] calcd for C21H1 60 2 372.1150, found 
372. 11 45 . 
General procedure for synthesis of 2-aryl-4-methoxyxanthones 3.9a- c 
Sec the general procedure for synthesis of 4-methoxyxanthones 1.228 in Chapter 
2 (page 90). 
4-Methoxy-2-(1 -naphthyi)-9JI-xanthen-9-one (3.9a) 
OMe 
A mixture of enaminc 1.225 (5.40 mmol) and diene 3.8a (90.1 mg, 302 Jlmol) 
was heated at reOux for 29 h and worked up according to the general procedure. Column 
chromatography ( 10:90 EtOAc:hexanes) yielded xanthone 3.9a (56.4 mg, 53%) as a 
yellow sol id : RJ = 0.50 (35:65 EtOA.c:hcxanes); mp 158- 159 oc; IR v 3053 (w), 2945 
(w), 1657 (s), 16 10 (m), 1596 (m), 1570 (w), 1489 (s), 1467 (s), 1397 (m), 1363 (m), 
1340 (m), 1313 (s), 1293 (s), 1258 (m), 1224 (s), 1189 (m), 1169 (m), 1149 (m), 1113 
(m), 1091 (m), 973 (m), 871 (m), 777 (s), 757 (s), 690 (m), 662 (m) (cm-1); 1ll MR(500 
Mlfz) 8 8.39 (dd, J = 8.0, 1.6 I Iz, I H), 8.27 (d, .J = 2 .7 Hz, 11-1), 8.14 (s, 1 H), 7.97- 7.93 
(m, 211), 7.89 (d, J = 7.8 1 lz, 1 H), 7.84 (dd, J = 8.0, 2. 1 I-lz, II-I), 7.78- 7.75 (m, 1 I-I), 7.65 
(d, .J = 7.7 1 fz, 11 I), 7.61 (d, .J = 1.9 I lz, 1 H), 7.56--7.50 (m, 2H), 7.42 (t, .J = 7.9 1-lz, 11 !), 
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4.16 (s, 3H); 13C NMR (125 MI-Iz) 8 177.4, 156.3, 148.7, 146.2, 139. 1, 136.6, 135.1 , 
134.1 , 131.7, 128.7, 128.4, 127.5, 127.0, 126.6, 126.2, 125.8, 125.6, 124.4, 122.8, 122.1 , 
118.8, 118.6, 117.8, 56.8; MS [APCI (+)] m/z (%) 353 (M+, I 00); HRMS [El (+)] calcd 
for C24 H 160 J 352.1099, found 352.1094. 
4-Mcthoxy-2-(2-naphthyl)-9H-xanthcn-9-onc (3.9b) 
OME 
A mixture of enamine 1.225 (4.42 mmol) and diene 3.8b (99.9 mg, 335 ~-tmol) 
was heated at reflux for 29 h and worked up according to the general procedure. Column 
chromatography ( 1 0:90 EtOAc:hexanes) yielded xanthone 3.9b (95.2 mg, 81 %) as a 
yellow solid: R; = 0.32 (20:80 EtOAc:hcxanes); mp 2 10- 2 11 °C; JR v 3052(w), 3002 (w), 
296 1 (w), 1654 (s), 1599 (s), 1570 (w), 1494 (s), 1467 (s), 1445 (m), 1380 (m), 1360 (m), 
1337 (m), 1312 (s), 1294 (s), 1276 (m), 12 17 (m), 11 98 (m), 1180 (m), 1165 (s), 1151 
(m), 1094 (m), 1062 (m), 984 (m), 869 (m), 850 (m), 8 13 (s), 758 (s), 742 (m), 687 (m), 
662 (m) (cm-1 ); 11I MR (500 Mllz) 8 8.39 (dd, J = 8.0, 1.6 Hz, I H), 8.26 (d , .! = 2.6 liz, 
I H), 8. 13 (s, 1I 1), 7.96- 7.92 (m, 2H), 7.88 (d, J = 7.5 Hz, 1 H), 7.83 (dd, J = 8.6, 2.0 Hz, 
1!-l), 7 .78- 7.74 (m, 11-I), 7.65 (d,J = 8.4 Hz, 1H), 7.60 (d, J = 1.7 Hz, !H), 7.55- 7.49 (m, 
211), 7.42 (t, .J = 7.7 Hz, 1H), 4. 15 (s, 3H); 13C NMR (125 MJ-lz) 8 177.4, 156.2, 149.3 , 
146.4, 137.4, 136.9, 135.0, 133.9, 133.0, 128.9, 128.5, 127.9, 127.0, 126.8, 126.5, 126.2, 
125.5, 124.4, 123. 1, 122.0, 118.6, 116.1 , 114.9, 56.9; MS [APCl (+)I mlz (%) 353 (M , 
100); HRMS [EI (+)I calcd fo r C24H160J 352.1 099, found 352.1099. 
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4-Mcthoxy-2-(1-pyrcnyl)-9f/-xanthcn-9-onc (3.9c) 
OMe 
A mixture of enamine 1.225 ( 4 .32 mmol) and diene 3.8c (90.0 mg, 242 11mol) was 
heated at reflux for 29 h and worked up according to the general procedure. Column 
chromatography (35 :65 EtOAc:hexanes) yielded xanthone 3.9c (9 1.8 mg, 90%) as a 
yellow solid: R1 = 0.30 (20:80 EtOAc:hexanes); mp 257- 258 oc (decomposed, melted at 
26 1- 262 °C); IR v 3043 (w), 2941 (w), 2843 (w), 1657 (s), 1595 (s), 1570 (m), 1486 (s), 
1466 (s), 1443 (s), 1374 (m), 1352 (m), 1338 (m), 1316 (s), 1282 (s), 1220 (s), 1176 (s), 
1090 (w), 983 (m), 847 (s), 758 (s), 752 (m), 687 (m), 662 (m) (cm-1) ; 1 I-1 NMR (500 
MHz) 8 8.40 (d, J = 7.6 Hz, 1 H), 8.26-8 .17 (m, 5H), 8.12 (s, 2H), 8.06- 8.02 (m, 31-I), 
7.80- 7.77 (m, 1 H), 7.70 (d, J = 8.1 Hz, 1 H), 7.52 (d, J = 1.0 Hz, 1 H), 7.44 (t, J = 7.4 Hz, 
lf-1),4. 10(s,311); 13C NMR(125Ml-lz)ol77.4, 156.3, 148.8, 146.2, 137.0, 136.4, 135.1 , 
13 1.7, 131. 18, 131.1 4, 128.8, 128.2, 127.94, 127.86, 127.6, 127.0, 126.4, 125.6, 125.3 , 
125 .2, 125 .1 , 125.0, 124.9, 124.4, 122.9, 122.1 , 11 9.3, 118.6, 118.2, 56.9; MS [APCJ (+)] 
m/z (%) 427 (M+, I 00); HRMS [El (+)l calcd for C30I-I 180 3 426. 1256, found 426. 1250. 
(±)-Mcthoxyphcnylacctaldchydc (3.16)3 
OMe d'CHO 
To a solution of2-methoxy-2-phenylethanol (3.14) (2 .72 g, 17.9 mmol) in CH2Ch 
(50 mL) was added saturated aqueous sodium bicarbonate solution ( 18 drops), followed 
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by Dess-Martin periodinane8 (18.2 g, 42.9 mmol). The reaction mixture was stirred at 
room temperature overnight. Saturated aqueous NaHC03 solution (30 mL), saturated 
aqueous Na2S20 3 solution (30 mL) and Et20 (30 mL) were added into reaction mixture. 
After stirring for 10 min, the solids were removed by suction filtration and the layers 
were separated. The aqueous layer was extracted with Et20 (3 x 30 m L). The combined 
organic layers were washed with saturated aqueous NaHC03 solution (30 mL), washed 
with brine, dried over MgS04 and then filtered. The solvent was removed under reduced 
pressure. The crude product was purified by vacuum distillation (4- 5 mmHg, 93- 95 °C), 
yielding 3.16 (1.04 g, 39%) as yellow liquid: R1 = 0 .65 (35:65 EtOAc:Hexanes), 1 H NMR 
(500 Ml-Iz) 8 9.60 (d, J = 1.6 Hz, 1H), 7.44- 7.34 (m, 51-I), 4.64 (d, J = 1.3 Hz, 11-I), 3.45 
(s, 31-1); 13C NMR (125 MHz) 8 198.5, 134.0, 129.3 , 127.7, 88.5 , 57.5; MS [APCI (+)J 
mlz (%)!51 (M~ , 12). 
Ethyl-4-phcnyl-9-oxo-9/1-xanthcnc-2-carboxylatc (3.18) 
0 
CO;Et 
A mixture of enamine 1.227 (1 .24 mmol) and diene 1.15b (68 .6 mg, 28.1 ~mol) 
was heated at reflux in toluene for 4 h and worked up according to the general procedure 
for xanthones 1.228 (Chapter 2, page 90). Column chromatography (20:80 
EtOAc:hexanes) of the crude product yielded xanthone 3.18 (54.9 mg, 57%) as a yellow 
solid: R1 = 0.32 (20:80 EtOAc: hexanes); mp 205- 206 oc; lR v 3087 (w), 1716 (s), 1670 
(s), 1614 (m), 1597 (s), 1465 (s) , 1443 (s), 1400 (m), 1372 (m), 1338 (m), 1288 (s), 1227 
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(s), 1123 (m), 1190 (m), I 026 (s), 994 (w), 883 (w), 769 (m), 757 (s), 738 (m), 700 (m), 
685 (m) (cm- 1); 1H NMR (500 MHz) 8 9.05 (d, J = 2.2 Hz, I H), 8.43 (d, J = 2.2 Hz, 1H), 
8.37 (dd, J = 8.1, 1.4 Hz, 1H), 7.76- 7.70 (m, I I I), 7.68 (d, J = 7.5 l-Iz, 21-I), 7.55 (t, J = 
7.5 Hz, 21-I), 7.49-7.41 (m, 3H), 4.45 (q, J = 7.1 Hz, 2H), 1.45 (t, J = 7.1 Hz, 3H); 13C 
NMR (125 MHz) 8 177.1, 165.7, 156.1, 155.8, 136.5, 135.8, 135.4, 132.2, 129.9, 128.8, 
128.53 , 128.50, 127.1 , 126.5, 124.9, 122.2, 121.7, 118.5, 61.7, 14.6; MS [APCI (+)] m/z 
(%) 345 (M 1 , 100); 1-IRMS [E l (+)'J calcd for C22I-I160 4 344.1049, found 344.1042. 
3.4.2 UV and Fluorescence Measurements 
Methods arc identical to those described in Chapter 2, page I 05- 106. Solutions 
of all xanthoncs in CI-ICI3 were prepared with concentration around 2- 3 x I o-5 M. 
Table ofUV data of dienes 3.8a- c, xanthones 3.9a- c and 3.1 8. 
Compounds A max (E) 
3.8a 252 ( 41700), 333 (30000) 
Dienes . 3.8b 283 (51200}, 293 (48100), 327 (48100) 
3.8c 253 (49000}, 299 (46700}, 386 (62000) 
3.9a 265 (65300}, 304 (31600}, 362 (9100) 
3.9b 276 (91500}, 366 (7050) 
Xanthones 
3.9c 254 (1 09000), 291 (77400), 358 (63800) 
3.18 267 (72949), 356 (12067) 
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Selected NMR Spectra of Synthesized Compounds 
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Chapter 4 
Synthesis and Physical Properties of syn-Xanthonoid Hetero[S]acenes 
and an Attempted Synthesis of Xanthonoid Heterolnlacenes (n = 5, 9) 
via a Two-directional Approach 
4.1 Introduction 
Only a handful of hetero(Slaccnes consisting of alternating benzene and 4-
pyranonc units arc known (Figure 4.1 ), and no such compounds have been found in 
nature. Compound 1.210 was first prepared in 1934 via a multi-step synthesis. 1 The 
remai ning compounds 1.214, 1.218, 4.1 .3 were reported (including three patents) 
during the period of 1957- 2000?·3.4 The key steps of all of these syntheses were a 
double-nucleophi lic substitution and a double-cyclization, via diary! ether or 
bis(bcnzophenone) intermediates (see examples in Schemes 1.36- 1.39, Chapter I). 
Al though potentially useful applications in pigment dyes2 ( 4.1 , 4.2) and organic 
electroluminescent dcvices3 (1.214, 4.3) were fo und, this linear hctcroaccnc skeleton docs 
not appear to have received any interest since the year 2000. 
0 OH 0 ~ 
l0lOJlAO)l) 
OH 0 0 
1.21 0 1.21 ~ 1.218 
0 OH C 
(~~0'-'::: ~ I ~ I I h 
0 c 
C OH 0 
4.1 4.2 
Figure 4.1 Known xan thone-based heteroacenes. 
173 
Chapter 4 
Like other heteroacene systems, the nomenclature of these xanthone-based 
heteroacenes is not consistent. For example, the names "chromonoxanthone"5 and 
"dixanthone"4 were given to 1.214 and 1.218, respectively, in which the difference 
between them is the orientation of their carbonyl groups. However, these two 
frameworks can be distinguished by their IUPAC names, which was established based on 
the main xanthene skeleton and the benzene-pyranone fused rings (Figure 4.2). 
0 
7 
Benzcpyranc)2 3-t )~anthene -7 1~ -d cne 11.21 4: Benzcpyranc)3 2-t ])anthene-12 1~ -d cne 11.218: 
Figure 4.2 JUPAC names of compounds 1.214 and 1.218. 
[n this chapter, the term "xanthonoid hetero[n]acenes" (n 2. 3) will be applied to 
compounds having skeletons such as 1.218, 1.214, and 4.4-4.11 (Figure 4.3). The 
prefixes syn (same orientation of the carbonyl groups) and anti (opposite I alternating 
orientation of the carbonyl groups) will be used where appropriate to distinguish these 
two frameworks. 
The synthesis of a xanthonoid hetero[n]acene (n > 5) has not been reported, 
al though the structure of xanthonoid heteror9Jacene 4.11 was published in a Japanese 
patent.3 Therefore, the aim of thi s research was to develop new methodologies, invo lving 
the IEDDA reaction, to construct xanthonoid hetero[n]acenes (Figure 4.3). Specifically, 
syn- and anti-xanthonoid heterol5]acenes 1.218, 1.214 and syn-xanthonoid 
hetero[9]acenes 4. 7 were chosen as primary target structures. 
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syn-type anti-type 
n=5 c¢c¢o 
1.218 1.214 0 
n=6 ¢c6c¢o 
4.4 4.8 0 
0 0 0 
n=7 
4.5 4.9 0 
0 0 0 0 
n=B 
4.6 4.10 0 0 
0 0 0 0 
n=9 
4.7 4.11 0 
Figure 4.3 Xanthonoid hetero[n]acene . 
In addition, new xanthonoid hetero[5]acene derivatives, which contain an alkoxy 
(4.12) or oligo(ethylene oxide) side chain (4.13) (Figure 4.4), were also of interest, as 
was 4.14, which was thought to have potential application as an organic chemosensor.6 
0 0 0 0 
4.12°~ 
Figure 4.4 New xanthonoid hetero[S]acene derivatives 4.12-4.14. 
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An organic chemosensor is a system containing two parts: a sensing (receptor) 
part and a signaling (reporter) part. In system 4.14, the crown ether- like unit was 
expected to exhibit selective binding with metal ions and thus function as an ionophorc7 
(sensing unit), whereas the aromatic chromophores were expected to provide the signal. 
There arc three kinds of organic chcmoscnsors. The first one is chromogenic sensors, so-
called colorimetric or "naked eye" chcmoscnsors. Upon sensing a substrate, a significant 
shift of absorption bands takes place in the visible region of the spectrum, which leads to 
visual change in color of the solution. The second type is .fluorescent chcmoscnsors, 
which arc based both on the change in fluorescence intensity and on the shift of the 
emiSSIOn band of a compound as a result of interaction with a substrate. The third 
category IS photoswitchable chemosensors, which exhibit reversible " switching on-
switching ofP' behavior under the influence of light. Various chcmoscnsors consisting of 
crown ethers and aromatic chromophorcs have been designed. I\ variety of metal ions, 
including alkali ions, rare earth ions and some transition-metal ions, can be selectively 
detected depending on the cavity dimension and heteroatom typ s, i.e. oxa- (0), thia- (S), 
or aza- (N), of the crown ether units. Some examples arc shown in Table 4.1 .8 
Determination of these ions by chemosensors are very important because ions arc 
involved in various biological process a 1, K+, Mg24 , Ca24 ) , arc used in treatment o f 
various illness (Li-1, Ca2+), and also could cause serious harm to the environment and to 
21 21- I I 2-1 2+ 
human health (Ba , Pb , 11 , 1\g , 1-Ig , Cd ). Although a large number of 
chemosensors arc available for this purpose, research aimed at the discovery of new 
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compounds that provide optimal levels of safety, accessibility, sensitivity, and selectivity 
is still being conducted. 
Table 4.1 Examples of chromophore-based crown ethers. 
Chromophore-based crown ethers 
1\ (0 0 
lf-o o 
'+! 
HO 
4.15 
4.17 
1\ 
0 0 0'--f/0~ 
Selective binding to ions 
Na+(n=1) 
K+ (n = 2) 
Cs+(n = 3) 
The xanthone core has also been employed in chemosensors (Table 4.2). 
Interestingly, each of the two oxygen atoms of the xanthone core has been incorporated 
into the crown ether unit ( 4.18, 4.19).9 Another structural characteristic of these systems 
is that there is no linker between ionophore and chromophore. Besides complexation 
with ions, some chemosensors have shown selective binding with particular moleculcs.6 
For example, xanthone-based crown ether 4.20 10 (Table 4.2) was used as a receptor for 
extracting L-phcnylalaninc 4.21 fi·om water. Jt was proposed that the ammonium cation 
and carboxylate anion of L-phenylalanine associated with the crown ether unit and the 
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amme side chain, respectively, while the benzene ring of L-phcny lalanine had a n- n 
interaction with the xanthone moiety. 
Table 4.2 Examples of xanthone-based crown ethers. 
Xanthone-based crown ethers 
('a~ 
&)5 
4.18 
0 
1 '<::: 
__,; 
5 0 4 
Zyo~ 
4.19 
Selective binding to ions I molecule 
Ba2+ (n = 5) 
Na+, K+ (n = 3) 
K+, Cs+ (n = 4) 
Cs+(n = 5) 
CJioH 
4 .:11 
L-phe ny a anne 
4.2 Rctrosyn the tic Analysis of Xanthonoid Hctcro [n] accnccs 
The general strategy to bui ld xanthonoid hetero[n]accne frameworks was to 
employ the TEODA reaction for the construction of the benzene rings fo llowed by an 
intramolecula r nucleophilic aromatic substitution to form the pyranone rings. 
Rctrosynthctic analysis of the first target structure, xanthono id hctcro rs ]acenc 4.22 
(Scheme 4. 1 ), led back to 3,4-dimcthoxyxanthonc 4.23 via an intramolecular nucleophilic 
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aromatic substitution and a selective demethylation. As described in Chapter 2, the 3,4-
dimethoxyxanthonc such as 4.23 could be synthesized from dicnc 4.24 using the IEDDA 
reacti on wi th TME. 11 A HWE transform then brought the analysis back to a 
commercially available material , 3-formylchromone (2.19). This synthetic route is a 
"one-directional approach" as the new rings in the target structure 4.22 arc installed 
consecutively from one ~ide of the starting material 2.19. 
0 0 
4.22 
OMe 
0 
~CHO 
~,) 0 
2.19 
eye zat en 
HWE 
react en 
0 0 
4.23 OMe 
~ ECCA 
react en 
0 0 F 
~0 
4 .24 
Scheme 4.1 Rctrosynthctic analysis of syn xanthonoid hetero[S]accnc 4.22 via a one-directional 
approach. 
Another approach, which might be applicable to both !>yn- and an/i-xanthonoid 
hetero l51acenes, involved a " two-directional" strategy. For instance, .syn-xanthonoid 
heterol 5-laccm:s 4.25 (Scheme 4.2) might be obtained from syn-d ialdehyde 4.27 via a 
double-f!W E (or Wittig) reaction and a doublc- IEDDA reaction. Intermediate 4.27 could 
be prepared from dihydroxyacctophcnonc 4.28 via a double-Vilsmcier reaction. 
Simila rly, an/i-xanthonoid heterorSJacencs 4.29 might be obtained from the key 
intermediate 4.30. 
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Scheme 4.2 Retrosynthetic analysis of .,yn- and an/i-xanthonoid hetero[S]acenes 4.25 and 4.29 
via a two-d irectional approach . 
Also u mg a two-directional approach, the syn-xanthonoid hctcrol9lacenc 4.31 
(Scheme 4.3) was envisioned as commg from .syn-bis(dicnc) 4.26 (EWG = 2-
Ouorobcnzoyl) vta a double-IEDDA reaction and a double-intramolecular nucleophilic 
aromatic substitution. 
0 0 0 
OMe 4.31 OMe OMe 4.32 OMe 
dcub e 
~ 4.26 
EDDA 
Scheme 4.3 Retrosynthetic analysis of syn-xanthonoid hetero[9]acene 4.31 via a two-directional 
approach. 
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4.3 Results and Discussions 
4.3.1 Synthesis of syn-Xanthonoid Ilctcro[51acenes via a One-directional Approach 
The synthesis of xanthonoid hetero[S jacene 4.22 (Scheme 4.4) commenced with 
an acylation of the anion derived from dimethyl methyl phosphate ( 4.33) to afford 
phosphonate 4.35 in quantitative yield. 12 Treatment of phosphonate 4.35 with sodium 
hydride formed an y lide, which was reacted with 3-formylchromone (2.19) to furni sh 
diene 4.24 (92%). T he IEDDA-drivcn domino reaction between dicnc 4.24 and TME 
(1.226) smooth! afforded 3,4-dimcthoxyxanthone 4.23 in a very impressive yield (98%). 
This yield was consistent with the results presented in Chapter 2 i.e. the IEDDA 
reactions of dicncs 1.15 where the EWG was a ketone with TME (1.226) gave 3,4-
dimethoxyxanthones in very good yields (90- 98%). When xanthone 4.23 was heated 
with LiCI (3 equiv.) in DMF, 13 the cycl ization occurred smoothly to form xanthonoid 
heterol5 jacene 4.22 (85%, 6 h) or hydroxyl xanthonoid heterol5lacene 4.37 (59%, 12 h). 
As predicted, e lective demethylation took place at the 3-methoxy group. This is the 
more electrophilic methyl group because the developing negative charge on the oxygen 
atom can be resonance stabilized by both of the carbonyl gro ups. In contrast, the 
phenoxide ion resulting from nucleophil ic attack at the 4-methoxy group receives no 
resonance stabilization. Phenoxide ion 4.36 is perfectly si tuated to undergo cyclization 
via an intramolecular nucleophi lic aromatic substitution. As LiC l was used in excess (3 
cquiv.), demethylation eventually occurred at the 4-methoxy group when the reaction 
time was prolonged. Alternatively~ the hydroxyl compound 4.37 could be obtained in 
99% yield via demethylation of 4.22 using BBr3. The syntheses of xanthonoid 
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heterof5jacenes 4.22 and 4.37 were achieved in excellent overall yie lds (77% and 76%, 
respectively) in four or five steps from the commercially available starting materials 4.33 
and 4.34. 
r.-Bul - 78 ' C THF 2 5 h 
4.33 
0 
4
_
22 
OMe 
0 
0 F 
MeO~ 
4.34 v 
10C% 
BBr, CH; C ; 
C ' C- rt 1 h 
0 0 
- 78 ' C 
THF 0 0 F MeO,~~ 
MeO..... I "':: 
,...:; 
4.35 
NaH THF rt 4S h 
0 
~CHO 
U 0 Jl 2.1s 
92% 
MeO OMe 
~ ~ojJ V 
4.24 
>=< 1.226 Et; O BF , CH; C; rt 24h MeO OMe 
C;H;C , 135 ' C 25h S8% 
L C 13 equ ~ : 
CMF refux Eh 
85% 
L C 13 equ v : 
CMF ref ux 12 h 
~·--------------------------------------~ 
59% 
4.37 OH 
Scheme 4.4 Synthesis of xanthonoid hctcro!S]accncs 4.22 and 4.37 vta a one-directional 
approach . 
The next objectives were the syntheses of three xanthonoid hetero[S jacene 
derivatives 4.12- 4.14 (Figure 4.4) and the study of some thei r physical properties, such 
as e lectronic ab orption, fluorescence and modeling studies. 
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First, polyethylene glycol mono- and ditosylate 4.42 and 4.44 were synthesized in 
good yields following literature procedures (Scheme 4.5). 14 The three-step synthesis of 
compound 4.42 commenced with a tosylation of 4.38 to give 4.39 in quantitative yield. 
Compound 4.41 15 was obtained by chain extension of 4.39 viaS 2 reaction with alkoxide 
4.40, which was formed from diethylene glycol and sodium metal upon heating at 70 °C. 
The crude product 4.41 was subjected to another tosylation to afford 4.42 (61% from 
4.39). Similarly, ditosylation oftetra(ethylene glycol) (4.43) smoothly gave 4.44 in 93% 
yield under similar tosylation conditions. 
KOH p-TsC CH; C ; ~ h C •c 
1CC% 
4.38 
KOH p-TsC CH; C ; 3 h C •c 
€1% ilwc steps; 
KOH p-TsC CH; C ; 2 5 h C •c 
4.43 93% 
4.39 
l ® 8 0 17 h rt NaO~ -....../"oH 4.40 
Ts0~0~0Ts 
4.44 
Scheme 4.5 Synthesi of tosylated polyethy lene oxide chains 4.42 and 4.44 . 
Alkylation reactions of hydroxyl xanthonoid heterol5 jacene 4.37 with 1-
bromodecane ( 4.45), 1-methoxy-11-tosyl-3,6,9-trioxaundecane ( 4.42) and 1, 11 -ditosyl-
3,6,9-trioxaundecane (4.44) were carried out under similar cond itions to give xanthonoid 
heterorSiacenes 4.12 (85%), 4.13 (63%), and 4.14 (57%), respectively (Scheme 4.6). By 
comparison, the crown-ether xanthones 4.18 and 4.19 (n = 3- 5) (Scheme 4 .7) were 
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obtained in moderate yields (40- 57%) from dialkylation of the corresponding 
dihydroxyxanthones 4.46 and 4.48, respectively, with appropriate polyethylene glycol 
dibromides 4.47.16•17 Thus, it can be said that the desired compound 4.14 was obtained in 
relatively good yield (57%). 
0 0 
4.37 OH 
K2C03, Kl (10 mol%), 
DMF, reflux, 19 h 
~Br 
4.45 
85% 
K2C03, DMF, reflux, 14 h 
Meo~00oTs 
4.42 
73% 
K2C0 3, DMF, reflux, 27 h 
Tso~00oTs 
4.44 
57% 
I Failed with Cs2C03, DMF, reflux 
4.120~ 
Scheme 4.6 Synthesis of xanthonoid hetero[S]acene derivatives 4.12-4.14. 
184 
4.46 
0 
4.48 
K; CO, cr Cs; CO, CMF ref ux 
Br~0~Br 4.47 
n 
K; CO, In= 3 4; or Cs; CO, In= 5; CMF re f ux 
4.47 
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It was also reported that using either Cs2C03 or K2C03 in alkylation reactions of 
compound 4.46 did not cause dramatic changes in reaction rates and yields of xanthone-
based crown ethers 4.18. 16 ln contrast, xanthone-based crown ether 4. 19 (n = 5) was not 
obtained when u ing K2C03, but it was formed in 41 % yield with Cs2C03. The other 
congeners of 4.19 (n = 3, 4) were obtained in 56% and 44% yield , respectively, using 
K2C03. 17 Clearly, the nature of the base played an important role in the latter case. 
Presumably, a fter the first alkylation o f 4,5-dihydroxyxanthonc 4.48 took place, the 
polyethylene oxide chain could bind to the a lkali ion. With an appropriately-sized cation, 
the two reaction sites are brought c lose enough for the second alkylation to occur, but 
when an inappropriately-sized cation is present, the two reaction sites cannot easily come 
close enough to undergo reaction. This kind of reaction is called a " host-guest template 
reaction". This is li ke ly the reason why the dialkylation of 4.37 with ditosylate 4.44 did 
not occur when K2C0 3 was replaced with Cs2C03. In thi s case, a lthough xanthonoid 
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hetero[S Jacene 4.14 is not a cyclic compound like xanthone-based crown ethers 4.19, n- n 
interactions between two aromatic moieties may make it behave in the same fashion as 
crown ethers. As such, the polyethylene oxide tether might show selective binding with 
K ' over Cs +. Hence, complexation studies of 4.14 with alkali ions will be worth pursuing 
in the future. 
The carbonyl groups on syn-xanthonoid hetero[S]acenes 4.22, 4.12 and 4.13 can 
conceivably be modified to form new donor and acceptor systems such as 4.49 and 4.50, 
respectively ( cheme 4.8). The synthesis of these systems is being carried out in 
collaboration with Dr. Zhao's group at Memorial niversity. 
OR 
4.22 R = Me 
4.12 R = r.-dcdecy 
4.13 R = ~O~OMe 
3 
OR 
4.49 
Scheme 4.8 ew donor and acceptor systems 4.49 and 4.50. 
OR 
4 .50 
j accepter l 
4.3.2 Physical Properties of syn-Xanthonoid Hetero[S]accnes 4.22 and 4.12-4.14 
4.3.2.1 UV-Vis, Fluorescence, and Quantum Yield Studies 
The absorption spectra of 4.22 and 4.12 .14 arc very similar and have their 
lowest energy absorbance maximum at 355 nm (Figure 4.5), which is similar to that of 
the known .sy n-xanthonoid hetero[Slacene 4.51 (A-max (MeOH) = 224, 272, 359 nm).5b 
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Figure 4.5 Ab orption spectra of 4.12- 4.14 and 4.22 in CHCI3 (2 x I o-5 M). 
As no alteration of the chromophore absorption property was observed for 
bis(xanthonoid hetero[5]acene) 4.14, except for the intensity of the longest wavelength 
absorption, it was assumed that almost no interaction between two hetero[5]acene 
moieties occurs in the ground state. 
402 433 
462 
6 
- 4.22 
- 4.12 
- 4.13 
- 4.14 
390 400 410 420 430 440 450 400 450 500 550 600 650 
Wavelength (nm) Wavelength (nm) 
Figure 4.6 Emi s ion spectra of 4.12- 4.14 and 4.22 in CHCI3 (2 x I o·5 M). 
In contrast, the fluorescence spectrum of 4.14 differed greatly from those of 4.22, 
4.12 and 4.13 (Figure 4.6). Whereas 4.22, 4.12 and 4.13 showed very weak blue 
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fluorescence at 402-403 run, the fluorescence spectrum of 4.14 consisted of a broad and 
much more intense red-shifted band with two maxima (433 and 462 nm). Double 
emission appears to be typical vibronic progession bands, while the red-shift and 
broadness arc presumably caused by the formation of an intramolecular excimcr between 
the two hcterol5]acenc moieties. The Stokes hift.s of 4.22, 4.12 and 4.13 ( = 3430 cm-
1) is smaller than that of 4.14 (t. = 5150 cm- 1) due to their more rigid structures. 
Although compound 4.14 exhibited the strongest fluorescence among its analogues, its 
fluorescence quantum yield was still very weak ( Wc111 = 2 x 10-3). 
4.3.2.2 Modeling Studies 
Density functional theory (DJ7T) calculations of jyn-xanthonoid hetero[Slaccne 
4.22 was carried out at 83LYP/6-31G(d)//AM1 lcvel. 18 The computed structure of4.22 
has an essentially planar framework with a slight arc in the pcntacyclic system due to the 
shorter length of the C - 0 single bonds (1.381 - 1.388 A) in comparison to the C aryi-
C carbonyl bonds (1.469- 1.473 A) in the pyranonc ring (Figure 4.7, lop). The predicted 
packing motif (MMfF94) 18 of 4.22 showed antiparallel co facial 1r-stacking arrangements 
(opposite orientations of mcthoxy groups) between adjacent molecules to minimize steric 
and dipolar effects. The average calculated intcrplanar distance is 3.8 A. 
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Figure 4.7 Modeling structure of 4.22 (top) and its predicted packing motif (bottom). 
Compound 4.22 has a LUMO energy level of -2.1 eV and a HOMO energy level 
at - 6.0 eV. The calculated HOMO-LUMO energy gap is thus 3.9 eV, while the 
experimental HOMO-LUMO energy gap, which was evaluated from the absorption edge 
(A. = 371 nm), is 3.3 eV. The experimental energy gap (3.3 eV) is in the range ofHOMO-
LUMO gaps (3.0-3.5 eV) of hetero[5]acenes containing at least one oxygen atom. 19 
HOMO and LUMO maps are shown in Figure 4.8. 
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HOMO (- 6.0 eV) LUMO (-2.1 eV) 
Figure 4.8 Repre entations of the HOMO and LUMO of 4.22. 
The computed structure (MMFF94)18 of 4.14 (Figure 4.9) showed n- n 
interactions between the two hetero[5]acene moieties in the molecule with an average 
interplanar distance of 3.8 A. The predicted n- n stackjng can provide some support for 
the hypothesis that this compound may behave like a 15-crown-5 ether system, which 
usually has some selectivity for Na+ and K+ ions. For Cs+, a larger cavity such as 18-
crown-6 or 21-crown-7 is required. Again, there appears to be cause for optimism that 
systems such as 4.14 may show some selectivity in its complexation with alkali ions. 
Figure 4.9 Modeling tructure of 4.14: front view (left) and side view (right). 
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4.3.3 Attempted Synthesis of Xanthonoid Hetero[n]acenes (n 5, 9) via a Two-
d irectional Approach 
4.3.3.1 Attempted Synthesis of Bis(dicncs) 4.26 
To reach the target syn-xanthonoid hetero[n]acenes 4.25 (n = 5) (Scheme 4.2) and 
4.31 (n = 9) (Scheme 4.3) via a two-directional approach, bis(diene) 4.26 was a required 
intermediate. First, the known dialdehyde 4.27 was prepared in two steps with 
synthetically useful yields from commercially available m-cresol 4.52 via a double-
acylation reaction and a double-Vilsmeier reaction (Scheme 4.9).20·21 
0 0 
)lo~ 0 0 0 0 POC13• DMF 
D ZnC12• 145 ·c. 3 h :cc rt, overnight OHC~CHO 77% 66% I I A I HO OH HO OH 0 0 
4.52 4.28 4.27 
Scheme 4.9 Synthesis of dialdehyde 4.27. 
Anticipating that bis(diene) 4.26 would have low solubility in common organic 
solvents, phosphonate 4.55, which bears a long alkyl chain, was prepared for the 
subsequent HWE reaction. The two-step synthesis consisted of an esterification and an 
Arbuzov reaction to afford phosphonate 4.55 in 39% overall yield from chloroacetic acid 
(4.53) (Scheme 4. I 0).22 
0 
C~OH 
4.53 
~ -C. cH;- OH H;SO, 
benzene refu~ e ~ h 
39 % 
O iEto :, P 
II 14C "C 7 h 
c~0,r. -C -c H ,. -----1CC% 
4.54 
Scheme 4.10 Synthesis ofphosphonate 4.55. 
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The stage was set for the doublc-HWE reaction between dialdehyde 4.27 and 
phosphonatc 4.55 to form bis(dicnc) 4.26a (Scheme 4.11). When the ylide derived from 
4.55 was added to a s uspension of dialdehyde 4.27, a clear, red solution was obtained by 
the time dialdehyde 4.27 had been completely consumed. Workup afforded a thick red 
oil, from which none of the desired bis(diene) could be detected by mass spectrometry. 
0 0 0 0 
0 0 ~:~:~J0,C - c H; - NaH THF rt C ~ h 0 0 / 
4 .55 OHC~CHO 
~,.)l~,.) THF rt 23 h 
0 0 
4. 26~ 
4.27 
Scheme 4.11 Attempted synthesis of bis(diene) 4.26a. 
The I IWE reaction was then attempted with phosphonate 2.34 to afford bis(diene) 
4.26b (Scheme 4.12). 
0 0 
'-"::: OEt 
0 0 EtO,~ II 
EtO' ~OEt 
NaH THF rt C ~ h EtO 
0 0 
2.34 OHC~CHO 
~,.)l~,..)J THF rt 3 d 
0 0 
4.26b 
po ymer zat en 
4.27 
Scheme 4.12 Attempted synthesis ofbis(diene) 4.26b. 
After dialdehyde 4.27 had been completely consumed (tic analysis) , the newly-
formed yellow precipitate was col lected by suction filtration. Unexpectedly, this 
precipitate, which appeared normal in solution, 'melted" within one or two minutes on 
the filter paper and became sticky wi th a concomitant color change from yellow to orange 
to dark red. The sticky, dark red product was poorly soluble in common organic solvents, 
and whatever materia l could be dissolved showed a very complex 111 MR spectrum. 
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Mass spectrometric analysis ([APCI (+)I) showed a small peak corresponding to the mass 
of the desired diene 4.26b (mlz 41 1 (M 1 )). Assuming that the HWE reaction did occur to 
form bis(dicne) 4.26b (the yellow precipitate), it can be concluded that it self-reacted (i.e. 
polymerized) upon isolation. Hence, another attempt was made to usc the crude product 
4.26b for the next step without isolation. The 1-IWE reaction between dialdehyde 4.27 
and phosphonatc 2.34 was repeated on the same scale under the above conditions, but the 
resulting yellow precipitate (the assumed bis(diene) 4.26b) was kept in THF when the 
reaction had reached completion (tic analysis). The THF was removed by decantation, 
and the yellow precipitate was washed wi th petroleum ether several times to remove 
unreacted phosphonate. A benzene solution of freshl y prepared cnamine 1.225 (20 
equiv.) was then added, and the reaction mixture was then heated at re flux for 2 d. 
Workup gave a sticky red product, which was sl ightly soluble in CDCb. However, MR 
and MS analysis did not show any signals attributable to the desired xanthone 4.25b. 
Interestingly, during the washing of the flask containing the sticky red product with 
acetone, a small amount of a yellow solid stuck to the round bottomed flask was revealed. 
Although this yellow so lid was very poorly soluble in common organic solvents, the 
correct mass of xanthone 4.25b ( chcmc 4 .13) was obtained ( lAP I (+)l mlz (%) 519 
(M !-, 36)). 
0 0 0 0 
MeO 0 )=! 0 0 0 0 
EtO ?"' OEt MeO 1.225 EtO OEt 
benzene re f Ul<" < c 
4.26b OMe 4.25b OMe 
Scheme 4.13 Synthes is or syn-xanthonoid hete ro j5 jacenc 4.25b via a two-directional approach. 
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To ascertain whether other bis(dienes) bearing phenyl or ketone groups would 
behave in the same manner as 4.26a- b, the syntheses of bis(dienes) 4.26c- c were 
attempted (Scheme 4.14). First, the double-decarboxylative I Knoevenagel condensation 
between dialdehyde 4.27 and phenyl acetic acid (2.37) gave a yellow precipitate, which 
turned to red and then dark red during suction filtration. In this case, the tiny particles 
aggregated to form a granular solid instead of a sticky one. This solid was insoluble in 
common organic solvents, and no evidence for the desired product was observed by mass 
spectrometry. Thus, it is probable that diene 4.26c was formed, but it also tended to 
polymerize in the solid state like diene 4.26b, but with a different appearance. 
QCOOH 
2.37 / 
1-BuOK pyr d ne ref U) 2 d 
0 0 Ph; P= CHCOMe OHC~CHO 2.29 
I I A I CH;C ; refu) 2d / 0 0 
4.27 
0 0 F MeO,p~ 
MeO/ I ""' 
4.35 .-::; 
/ 
Scheme 4.14 Attempted synthesis of dicnc 4.26c-c. 
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0 
'""<:::: 
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The double- Wittig or double- I IWE reactions of dialdehyde 4.27 and 2.29 or 
phosphonate 4.35 respectively, produced yellow solids, which were stable, but insoluble 
in several solvents. Thus, no mass spectra could be obtained. It was thought that if a 
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long a lkyl chain could be installed on dialdehyde 4.27, the solubility of products would 
increase. However, no concise synthetic route to such systems could be identified, so this 
idea was applied to the synthesis of an/i-dialdehydes, such as 4.56. 
4.3.3.2 Toward the Synthesis of anti-Dialdehyde 4.5623 
The key intermediate in the synthesis of the parent an/i-d ialdehyde 4.30 would be 
4.56 (Scheme 4.15). However, in order to maintain solubility through further synthetic 
steps lead ing to bis(diene) 4.59, the hexasubstituted benzene 4.57 was the first target. 
~ dcub e-V sme er _______________ .,.. react on 
R 0 
4.56 R = H 
4.57 R=r. -Ct H., 
0 R 
OHC~Op 
l!,_O~CHO 
R 0 
4.30 R = H 
4.5a R = r.-Ct H., 
Scheme 4.15 Synthe is route toward dienc 4.59. 
_____ .,.. 
~ EWG 
R 0 
The attempted synthesis of hcxasubstituted benzene 4.57 (Scheme 4. 16) 
commenced w ith a double-Sonogashira reaction of diiodide 4.6024 with 1-hexyne ( 4.61 ), 
followed by catalytic hydrogenation and electrophilic dibromination of the resulting 
intermediate 4.63 to afford hexasubstitu ted benzene 4.64 in a very good yield. 
Unfortunately, the attempted conversion of the bromo substituents into acetyl groups 
under se era! sets of conditions failed to afford 4.65. The hindered environment may be 
the cause of the failure. 
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4 .63 
B,,, AoOH. rt J 83% 
demethylation 
-4 ----------- -
conditions a-c 
~ >/ 
4.57 4.65 4.64 
conditions: 
0 0 0 
a: .)lN...- , n-Buli, Et20. 
I -78 ·c tort 
b: _)lN ...- . n-Buli , Et20, 
I -20 ·c tort 
c : )l._CI , n-Buli, TMEDA, CuBr 
THF, o •c to rt 
Scheme 4.16 Toward the synthesis of hcxasubsti tuted benzene 4.57. 
Although un identified products were obtained using the above conditions a and c, 
product 4.67 was obtained from the attempted double-acylati on reactions using 
condit ions b. This product was presumably formed via a protonation of the monolithiated 
compounds 4.66 upon work up (Scheme 4.17). 
b wcrk up 
4 .64 
4 .66 4.67 
Scheme 4.17 Product o f the double-acylation reaction of 4.64. 
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J\ltcrnativcly, the target 4.57 could be obtained from intermediate 4.69 via 
dcsilylation, followed by acid-catalyscd hydration of the a lkyncs (Scheme 4.18). 
However, compound 4.69 was not formed in an attempted doublc-Sonogashira reaction 
of dibromo 4.64. 1 he usc of modified Sonogashira conditions and I or the conesponding 
diiodide is suggested for future work. 
4 .64 
H := TMS 
4.6B 
PdC ; iPPh,;; i1 C me%; 
Cu i2C me 0/o; Et, N 
rt - 1cc ·c 
/ 
/ 
4 .69 
Scheme 4.18 Alternative approach to the target 4.57. 
4.4 Conclusions and Proposal for Future Work 
des y at en 
·------------ .-
H, O' 
4.57 
The new xanthone-forming methodology described in Chapter 2, which involves 
IEDDA-driven domino reactions, was successfu lly employed for the synthes is of the first 
targets, syn-xanthonoid hetcrol5Jacencs 4.22, 4.37 and their derivatives 4.12 .14. The 
key points of the synthetic route are: (I) it employed 3,4-dimethoxyxanthone 4.23, which 
was synthesized using the methodology described in Chapter 2, as the key intermediate; 
(2) it led to the desired products in just four or five steps from commercia lly avai I able 
starting materials; (3) good yields were obtained in every sing le step. Physical properties 
including absorption and emission spectroscopy of the synthesized .syn-xanthonoid 
hctero[5 Jaccncs, 4.22, 4.12-4.14, were studied. These compounds were a lso submitted 
for further e laboration to form new donor and acceptor systems such as 4.49- 4.50 
(collaborative work) and show promise as potential chemosensors (future work). 
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Although ultimately unsuccessful yet, a two-directional approach to the syn-
xanthonoid hetero[n]acenes (n = 5, 9) 4.25, 4.31 and the anti-xanthonoid hetero[5]acene 
4.29 was investigated. The two-directional approach failed to deliver the desired 
bis(dienes) 4.26, which appear to have polymerized upon isolation by suction filtration in 
air. The attempted synthesis of dialdehyde 4.59 could not be completed because of the 
problems involved with the preparation of the key intermediate 4.57. However, some 
alternative routes are proposed below for future work. 
Future work should focus on complexation studies of compound 4.14 and 
preparation of key intermediate 4.57 for further synthesis of anti-bis(dienes) 4.59 . ln 
case these dienes exhibit the same behavior as syn-bis(dienes) 4.26, i.e. polymerization 
occurs, the two-directional approach will be excluded from the synthesis of these target 
structures. Alternatively, the stepwise approaches shown below can be proposed for the 
synthesis of syn-xanthonoid hetero[n]acenes (n = 5, 6, 7, 9) (Scheme 4.19) or syn.-
xanthonoid hetero[n.]acenes (n = 4- 9) (Scheme 4.20) using the same chemistry. 
198 
HOVOH 
OH 
HO 
0 
0 
4 .70 
0 
OR 
4.74 
f 
0 
OR 
4 .75 
0 
OMe 
4 .78 
KOH R 
·----- ---- -- - --- - · 
monoacety at en HO~ Poe , -- ----- -- · CMF rt 
OR 
4 .71 
MeO OMe >=< 1.226 
0 F MeO OMe 
C; H; C , 135 ' C 
· -------- --- - -- --- ------ ----· 
Et; O BF , CH; C ; rt 
OMe 
L C 13 equ ~ : CMF ref U) 
ace ty at en 
0 
": V sme er react en 
---------- ----- - ---- ~ 
,-:;; 
OMe 
0 0 F 
eye zat en 
~ ------ - -- - - - --
OR OMe 
0 
Chapter 4 
WO CHO I HO 
OR 
4.72 
f 
NaH THF rt 
0 0 F MeO,p~ Mea-
1 
"' 
4 .35 ° 
~ 
HoYo)J V 
OR 
4.73 
OHC 
OR OMe 
4 .76 
HWE react en 
ECCA react en 
f 
0 0 0 
OMe OR OMe 
4 .77 
Scheme 4.19 Proposed stepwise approach to .c;y n-xantho noid hetero(nJacenes (n = 5, 6, 7, 9). 
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4.4 Experimental Section 
General methods and instrumentation used are identical to those described in 
Chapter 2 (see page 76- 77). Compounds 4.62-4.64 were characterized (mp, 11-1 and 13C 
MR, MS) at the University of Mainz, except for HRMS, which was done at Memorial 
University. 
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Instrumentation at the University of Mainz, Germany: 
Melting points (mp) were determined on a Bi.ichi HWS SG 2000 apparatus anci 
are uncorrected. Infrared (TR) spectra were obtained using a FT/ fR-41 00 Fourier 
Transform Infrared Spectrometer (JASCO). 11-I and 13C nuclear magnetic resonance 
(NMR) spectra were recorded on a Bruker AC300, Bruker ARX 400, Brt1ker A V 400 
(CDCI3, unless otherwise indicated). Chemical shifts are reported relative to internal 
standards: Me4Si (8 0.00 ppm) and CDCh (8 77.0 ppm), respectively. Low-resolution 
mass spectra (MS) of compounds were obtained using a Finnigan MAT 90. 
4.4.1 Experimental Proccdures25 
Dimethyl 2-tluorophenyl-2-oxoethylphosphonate (4.35) 12 
To a solution of dimethyl methylphosphonate ( 4.33) ( 4.0 I g, 32.3 mmol) in Tl Il· 
(40 mL) was slowly added 0.78 M n-BuLi in hexane (20.5 mL, 16.0 mmol) at - 78 oc 
over 0.5 h. The resulting cloudy solution was stilTed at - 50 ac for a further 1.5 h, then it 
was cooled to - 78 °C, and a solution of methyl-2-0uorobenzoate (4.34) (1.23 g, 7.98 
mmol) in THF (60 mL) was slowly added . The reaction mixture was stirred at - 78 oc for 
a further 2.5 h and quenched with saturated solution of NH4Cl (30 mL). The organic 
layer was separated, and the aqueous layer was extracted with EtOAc (3 x 50 mL). The 
combined organic layers were dried over MgS04 and filtered. After the so lvents were 
removed under reduced pressure, the crude product was purified by column 
chromatography (80:20 EtOAc:hexanes) to yield 4.35 (1.96 g, 100%) as a colourless oi l: 
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R1 = 0.35 (EtOAc); IR (neat) v 2955 (w), 2923 (m), 2853 (w), 168 1 (m), 1609 (m), 1577 
(w), 1481 (w), 1452 (m), 1291 (w), 1258 (m), 1209 (w), 1021 (s), 1001 (s), 830 (w), 803 
(m), 773 (m) cm-1; 1II NMR (500 MI-lz) 8 7.89 (td, J = 8.1 , 1.4 liz, !H), 7.58- 7.54 (m, 
!H), 7.27- 7.24 (m !H), 7.18- 7.14 (m, Ill), 3.78 (d, lr.11 = 11.6 liz, 6fT), 3 .74 (dd, J = 
22.1 , 1.5 liz, 21 I); 13C MR (125 Mllz) 8 189.8, 162.0 (d, .fc-F = 254.9 f lz), 135.6, 131.3, 
125.4, 124.8 , 11 6 .9 (d, lc-c-F = 23.9 I Jz), 53.27, 53.2 1, 4 1.7 (d, .lc.p = 132.1 Hz); MS 
li\PCJ (-! ) I mlz (%) 246.9 ([M+II] ', 100); HRMS [El (+) I calcd for C 10l-I 12F04P 
246.0457, found 246.0461 . 
(E)-3-(3-0xo-3-(2-fluorophcnyl)prop-1-cnyl)-4/J-chromcn-4-onc ( 4.24) 
~ ~ojJ V 
To a suspension of aH (60% dispersion in mineral oi l, 368 mg, 9.20 mmol) in 
THF (15 mL) was slowly added dimethyl 2-fluorophenyl-2-oxoethylphosphonate 4.35 
(2.80 g, 11.4 mmol) in THF (I 0 mL). The mixture was st irred at room temperature for 
30 min and the freshly prepared ylide was added dropwise into a solution of 3-
formylchromone (1.32 g, 7.57 mmol) in TH I· (20 mL). The resulting orange mixture was 
stirred at room temperature for 2 d and worked up according to the general procedure for 
dienes l.lSa- d (Chapter 2, page 81 ). olumn chromatography (2:98 EtOJ\c:CH2CI2) o f 
the crude product yielded diene 4.24 (2.05 g, 92%) as a yellow solid: R1 = 0.45 (2:98 
Et0Ac:CI I2C I2) ; mp 135- 136 °C, IR v 3063 (w), 1678 (m), 1653 (m), 1615 (m), 1601 
(m), 1561 (w), 1488 (w), 1466 (m), 1449 (m), 1408 (m), 1292 (m), 1266 (m), 1163 (w), 
I 024 (w), 985 (w), 875 (w), 846 (w), 755 (s) 749 (s), 677 (w) (cm-1); 111 MR (500 
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Mllz, DMSO-d6) 8 9.00 (s, I H), 8.18- 8.14 (m, 2H), 7.88- 7.85 (m, Ill), 7.78- 7.73 (m 
2H), 7.7 1- 7.67 (m, I H), 7.57 (t, J = 7.3 Hz, Il-l), 7.50 (d, J = 15.9 Hz, I H), 7.42- 7.37 (m, 
2H); 13C MR (125 MI-Iz, DMSO-d6) 8 189.1 , 175.3, 161.5, 160.3 (d, J, -F = 251.5 Ilz) 
155. 1, 136.9, 134.7, 134.4 (d, Jc-F = 8.9 liz), 130.5, 127.6, 126.7 (d, Jc-F = 54.3 Hz), 
126.3, 125.5, 125.0, 123.5, 118.6, 118.2, 116.7 (d, lc-F = 22.4 llz); MS fJ\PCI (+) I m/z 
(%) 295.0 crM+HJ~, 100); HRMS lEI ( )] calcd for C!sT-l!IF03 294.0692, found 
294.0686. 
3,4-Dimcthoxy-2-(2-fluorobcnzoyi)-9/J-xanthenc-9-one (4.23) 
0 0 F 
To a clear, preheated (135 °C) solution ofdiene 4.24 (1.0 g, 3.4 mmol) in 1, 1,2,2-
tetrachloroethane (1 mL) was added tetramethoxyethane 1.226 (2.5 g, 17 mmol). The 
reaction mixture was heated with sti rring at 135 °C for 2.5 h then it was cooled to room 
temperature and diluted with Cl hCh (I 0 mL). Boron triOuoride diethyl etherate 
(Bf3·Et20) (2.5 mL, 17 mmol) was added and the resulting mixture was stirred at room 
temperature for I d and worked up according to the general procedure for 3,4-
dimethoxyxanthone 1.229a- i (Chapter 2, page 97). Column chromatography (2:98 
EtOJ\c:CI ~hCI2) of the crude product yielded xanthone 4.23 ( 1.26 g, 98%) as a yellow 
solid: R1 = 0.60 (2:98 EtOJ\c :CI-hC12); mp 130- 131 oc; IR v 2946 (s), 2845 (s), 1652 (s), 
1597 (s), 1465 (s), 1450 (s), 1352 (s), 1295 (s) 1270 (m), 1203 (m), 1152 (m), 1115 (m), 
I 077 (s), 778 (m), 755 (s), 674 (m) (cm-1); 11-1 MR (500 MI Iz) 8 8.34 (dd, J = 8.0, I. 7 
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Hz, 11-l), 8.24 (s, 1 H), 7.79- 7.75 (m, 21-I), 7.60 (d, J = 8.9 Hz, I I 1), 7.58- 7.54 (m, I H), 
7.43 (t, J = 7.6 Hz, I H), 7.29 (t, J = 7.6 I Iz, 1 I 1), 7.11 (t, J = 9.4 llz, I H), 4.08 (s, 311), 
3.92 (s, 31!); 13C NM R (125 Mllz) b 191.0, 176.2, 161.3 (d, .fc-F = 254.1 Hz) 156.6, 
156.1 , 153.2 140.7, 135.2, 134.5 (d,.! = 8.8 Hz), 131.1 , 131.0, 127.6 (d, J = 11.7 liz), 
127.0, 124.8, 124.6, 124.58, 123.1 , 121.8, 118.3, 116.6 (d, .Jc-F = 22.0 liz), 62.03, 62.00; 
MS [APCI ( )J m/z (%) 379.0 ([M I 11 1, I 00); HRMS [EJ (+)J calcd for C22H 1sFOs 
378.0903, found 378.0900. 
6-Mcthoxy-bcnzopyrano 13,2-b I xanthcnc-12,14-dione ( 4.22) 
0 0 
OMe 
"I o a clear solution of 3,4-dimethoxyxanthone 4.23 (50 1 mg 1.32 mmol) in 
anhydrous DMF (25 mL) was added lithium chloride (167 mg 3.96 mmol). The reaction 
mixture was heated at reOux for 6 h. olvent was removed, and the residue was washed 
with I 0% ci tric acid aqueous solution (25 mL). The precipitate was isolated by suction 
filtration, washed several times with deionized water, and dried in air. Column 
chromatography (2:98 EtOAc:CI-hCh) of the crude product yielded 4.22 (3 86 mg, 85%) 
as a colorless sol id: R1 = 0.30 (2:98 EtOAc:CihCh); mp > 300 °C; IR v 3079 (w), 2951 
(w), 2849 (w) 1675 (s), 1602 (s), 1561 (w), 1466 (s), 1435 (s), 1343 (m), 13 16 (s), 1293 
(m), 1221 (s), 11 44 (m), 11 23 (m), 1081 (m), 947 (m), 769 (s), 752 (s), 685 (m) (cm-1); 
1 H MR (500 Ml lz) b 9. 14 (s, Ill), 8.38 (dd, J = 8.1, 1.6 liz, 211), 7.8 1- 7.78 (m, 21 1), 
7.63 (d, J = 8.9llz, 2II), 7.45 (t, J = 7.6 liz 21-I), 4.27 (s, 311); 13 MR (150 Ml lz) 
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{ 1 H} CPMAS (cross-polarization under magic angle spinning), usmg 100 kHz of 1H 
decoupling and 62.5 kHz for the Hartmann-Hahn matching condition. The spectrum was 
collected at room temperature (298 K) with a spinning rate u = 20 kHz and 1 0240 scans: 
174.4, 173.1, 155.4, 154.2, 151.4, 138.0, 135.3, 133.48, 124.7, 122.6, 120.3 , 118.6, 116.9, 
63.0; MS [APCl (+)) m/z (%) 345.0 ([M+Ht, 1 00); HRMS [Cl (+)] calcd for 
C21H 120 s H+ 345.0763, found 345 .0769. 
6-Hydroxy-bcnzopyrano!3,2-b]xanthcne-12,14-dionc (4.37) 
0 0 
OH 
Compound 4.37 was synthesized by two procedures: (1) to a clear solution of3 ,4-
dimethoxyxanthone 4.23 (14 1 mg, 373 1-1mol) in anhydrous DMF (10 mL) was added 
lithium chloride (47.0 mg, 1.11 mmol). The reaction mixture was heated at reflux with 
stirring for 12 h. Solvent was removed, and the residue was washed with I 0% citric acid 
aqueous solution (25 mL). The precipitate was isolated by suction filtration, washed 
several times with deionized water, acetone (3 x 3 mL) and dried in air to yield 4.37 (72.1 
mg, 59%) as a colorless solid; (2) to a suspension of methoxy hetero[S)acene 4.22 (427 
mg, 1.24 mmol) in CH2Cb (20 mL) was added BBr3 (0.23 mL, 2.48 mmol) at 0 °C. The 
orange resulting solution was stirred at 0 °C for 15 min then warmed up to room 
temperature and stirred at this temperature for further 1 h. The reaction mixture was 
quenched by addition of ice-cold J-hO (100 mL) and aqueous saturated NH4Cl (10 mL) . 
Solvent was removed under reduced pressure, and the precipitates were collected by 
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suction filtration, washed with II20 (I 0 mL) and acetone (3 mL) to yield 4.37 (406 mg, 
99%) as light grey solid: RJ = 0.23 (2:98 Et0Ac:CH2Cb); mp > 300 °C; IR v 3182 (w), 
1662 (s), 1622 (w), 1606 (s), 1597 (s), 1567 (w), 1465 (m), 1451 (s), 1396 (w), 1369 (m), 
1318 (s), 1283 (s), 1219 (s), 1183 (m), 1160 (m), 1127 (m), 1072 (m) 986 (w), 755 (s), 
679 (m) (cm-1); 1 I I MR (500 MHz, DMF d7) 8 8.80 (s, I IT), 8.47 (dd J = 7.8, 1.4 I lz, 
2H), 8.17- 8.11 (m, 2H), 7.90 (d, J = 8.3 Hz, 2H), 7.74 (t, J = 7.4 liz, 2H) (OH was not 
observed)· M [APCI (+)] m/z (%) 33 1 ([M+I-It, 100); HRMS I El (+)l calcd for 
C2oi-I100s 330.0528, found 330.0527. 
2-(2-Mcthoxycthoxy)cthyl p-toluencsulfonatc (4.39) 14 
To a cold mixture of diethyl glycol monomethyl ether 4.38 (7.6 1 g, 100 mmol) 
and p-tolucnesulfonyl chloride (19.1 g, 100 mmol) in Cl-hCb (100 mL) was added 
potassium hydroxide ( 11.1 g, 198 mmol) in portions (the internal temperature must be 
below 5 °C). The reaction mixture was stirred at 0 oc for further 2.5 h, then CI-hC12 (40 
mL) and icc cold 1120 ( 100 mL) were added. The layers were separated, and the aqueous 
layer was extracted with CH2Cl2 (3 x 20 mL) . The combined organic layer was washed 
with 1120 (2 x 20 mL), dried over Mg 0 4, and filtered to yield (after removal of the 
solvent under reduced pressure) 4.38 (27.4 g, I 00%) as colorless liquid (used for next 
step without any purification): R1 = 0.72 (EtOAc); 1II NMR (500 Mllz) 8 7.80 (d J = 8.2 
liz, 21 I) , 7.34 (d, .J = 8.3 Hz, 2H), 4.17 (t .J = 5.0 Hz, 2H), 3.69 (t, .J = 4.6 I Iz, 21-I), 3.59-
3.57 (m, 211), 3.49 3.47 (m, 2II), 3.35 (s, 31 1), 2.45 (s, 31-I); 13C MR (125 MHz) 145.0, 
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133 ~2, 130.0, 128.2, 72.0, 70.9, 69.4, 68.9, 59.2, 21.8; MS r APC1 (+)] mlz (%) 275 
(IM+IIj"1 , 100). 
Tetra(ethylene glycol) monomethyl ether (4.41) 15 
To diethylene glycol (7.1 0 g, 66.9 mmol) was added sodium metal (0.46 g, 20.0 
mmol) in portions at room temperature. The reaction mixture was stirred for 45 min and 
then warmed up to 70 oc for further 30 min to give a clear yellow solution. The resulting 
solution ( 4.40) was cooled to room t mpcrature and 1-methoxy-5-tosyl-3-oxapentanc 
4.39 (2.74 g, 9.99 mmol) was added dropwi e. The reaction mixture was stirred at room 
temperature for 17 h, quenched with H20 (50 mL), extracted with Cl 12Ch (5 x 30 mL), 
dried over MgS011 , and filtered. The solvent was removed under red uced pressure to 
yield crude 4.41 as clear yellow liquid (used directly for the next step): R1 = 0.05 (EtOJ\c, 
lz dip). 
2-(2-(2-(2-methoxyethoxy )ethoxy)ethoxy )ethyl p-toluenesulfonate ( 4.42) 14 
ME0~0~o~0~0Ts 
To a cold mixture of tetra( ethylene glycol) monomcthyl ether 4.41 (2.08 g, 9.99 
mmol) and p-toluenesulfonyl chloride ( 1.90 g, 9.97 mmol) in CJ 12 12 (50 mL) was added 
potassium hydroxide (112 mg, 2.00 mmol) in pot1ions (the internal temperature must be 
below 5 °C). The reaction mixture was stirred at 0 oc for further 2.5 h, then CH2Ch (30 
mL) and icc cold 11 20 (I 00 mL) were added. The layers were separated, and the aqueous 
layer was extracted with Cl-}zCI2 (3 x 30 mL). The combined organic layer was washed 
with 1-hO (2 x 20 m L), dried over Mg 0 4 , and filtered. After the solvent was removed 
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under reduced pressure, the crude product was purified by column chromatography 
(EtO/\c) to yield 4.42 (2.2 g, 61% from 4.39) as colorless liquid : R1 = 0.11 (EtOAc); 1H 
MR (500 Mllz) 8 7.80 (d, J = 8.6 Hz, 21l), 7.34 (d, J = 8.1 Hz, 2Il), 4.16 (t, J = 5.3 I lz, 
2H), 3.69 (t, J = 4.8 Hz, 2ll), 3.65- 3.63 (m, 7H), 3.58 (s, 3H), 3.55- 3.53 (m, 2H), 3.37 (s, 
311), 2.45 (s JII); 13C MR (125 Mllz) 145.0, 133.3, 130.0, 128.2, 72.2, 70.96 70.81 , 
70.74, 69.4, 68.9, 59.2, 21.8; MS [APCJ (+)l m/z (%) 363 ([M+Hj+, 41), 380 ([M+HzOl ', 
100). 
2-(2-(2-(2-hydroxycthoxy)cthoxy )cthoxy )ethyl di-p-tolucncsulfonatc ( 4.44) 14 
Tso~0~o~0~oTs 
To a cold mixture of tetra( ethylene glycol) 4.43 ( 1.94 g, 9.99 mmol) and p-
toluenesulfonyl chloride (3.80 g, 19.9 mmol) in Cl-{zC]z (50 mL) was added potassium 
hydroxide ( 4.48 g, 79.8 mmol) in portions (the internal temperature must be below 5 °C). 
The reaction mixture was stirred at 0 o for further 2 h, then CI I2CI2 (40 mL) and icc 
cold l-IzO (I 00 mL) were added. The layers were separated, and the aqueous layer was 
extracted with CflzCb (3 x 20 mL). The combined organic layer was washed with 1120 
(2 x 20 mL), dried over MgS04 , and filtered. The solvent was removed under reduced 
pressure to yield crude product 4.44 (4.66 g, 93%) (used directly for the next steps 
without any purification) as colorless liquid: R1 = 0.55 (70:30 EtOAc:hexanes) ; 11 I MR 
(500 Mllz) 8 7.79 (d, J = 8.2 liz, 411), 7.34 (d, J = 8.0 liz, 41 I), 4 .15 (t J = 5.0 llz, 411), 
3.73- 3.54 (m, 12 H), 2.44 (s, 6H); 13C MR (125 MHz) 8 144.9, 133. 1, 129.9, 128.05, 
128.03 , 70.81 , 70.63, 69.4, 68.8 , 61.82, 61.78, 2 1.7; M 1/\PCI ( )l m/z (%) 503 
(I M+Hr , 39), 520 (I M-l I-IzOt, 1 00). 
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To a suspensiOn of hydroxyl hctcro[5jaccnce 4.37 (50.1 mg, 152 1-1mol) in 
anhydrous DMf (5 mL) was added portionwise potassium carbonate (41.5 mg, ..,00 
1-1mol). The resulting red solution was stirred for I 0 min, then potassium iodide ( I 0 mol 
%) and 1-bromodecane (4.45) (33.2 mg 150 ~tmol) were added . The reaction mixture 
was heated at reflux fo r 19 h. Solvent was removed under reduced pressure and the crude 
product was purified by column chromatography (2:98 EtOJ\c : CI~hCh) to yield 4.12 (60 
mg, 85%) as a colorless solid: RJ = 0.55 (2:98 EtOAc:CI-hCh); mp 128- 129 °C; IR v 
2922 (w), 2850 (w), 1682 (s), 1599 ( ), 1561 (w), 1541 (w), 1466 (s), 1435 (s), 1339 (m), 
13 11 (s), 1294 (w), 1220 (s), 11 28 (s), I 079 (m), 760 (s), 746 (s), 682 (s) (em· \ 11-1 MR 
(500 MT lz) 8 9. 1 (s, II I), 8.36 (dd, J = 8.1, 1.6 J lz, 2H), 7.80- 7.76 (m, 211), 7.58 (d, J = 
8.2 Hz, 211), 7.44 (t, J = 7.3 Hz, 21 I) 4.39 (t, .J = 6.5 Hz, 2II), 2.0 1- 1.95 (m, 2H), 1.74-
1.68 (m, 21 I), 1.49- 1.28 (m, 12H), 0.89 (t, J = 7.1 Hz, 3H); 13C MR (125 MHz) 176.5, 
156.2, 153 .3, 136.0, 135.5, 127.3 , 124.9, 121.7, 12 1.6, 11 9.2, 118.3, 75.7 32.1 , 30.5 
29.95, 29.90, 29.7, 29.6, 26.3 , 22.9, 14.3 ; MS IAPCI (+)] mlz (%) 47 1 (I M+Ilr, I 00) ; 
IIRMS rEI ( 1-)J calcd for C3oH3o0 5 470.2093, found 470.2 100. 
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6-(2-(2-(2-(2-mcthoxycthoxy)cthoxy)cthoxy)cthoxy)bcnzopyrano[3,2-b]xanthcnc-
12,14-dionc (4.13) 
0 0 
o~0~o~0~oMe 
To a suspensiOn of hydroxyl hetero[5]acence 4.37 ( I 0 I mg, 306 j..lmol) 111 
anhydrous DMr (I 0 mL) was added potassium carbonate (83.2 mg, 602 j..lmol) 111 
portions. The resulting orange solution was stirred for 15 min then 4.42 (245 mg, 676 
~uno!) was added. The reaction mixture was heated at reOux for 14 h. DMr was then 
removed under reduced pressure and CI I2CI2 (I 00 mL) and r 120 (20 mL) were added to 
the residue to give a suspension. The solids were collected by suction fi ltration to 
recover starting material hydroxyl hetero[5Jacene 4.37 (15 mg, 15%) and the layers of the 
filtrate were eparated. The aqueous layer was extracted wi th CH2Ch (3 x 30 mL), 
washed wi th aqueous saturated NJI4CI ( I x I 0 mL), washed with 1120 ( 1 x 20 mL), 
washed with brine, dried over MgS04, and fi ltered. After the solvent was removed, the 
crude product was purified by column chromatography (20:80 petroleum ether:EtOAc) to 
yie ld 4.13 (98.4 mg, 62%, 73% brsm) as a colorless solid: R1 = 0.23 (20:80 petroleum 
ether:EtOAc); mp 118- 120 oc ; TR v 2926 (m, br), 2875 (m), 1738 (m), 1674 (s), 1597 
(s), 1562 (w), 1466 (s), 1436 (s), 1341 (s), 13 12 (s), 12 19 (s), 11 22 (s), 1076 (s), 764 (s), 
750 (s), 685 (s) (cm-1 ) ; 11 I NMR (500 Ml lz) 8 9. 10 (s, I H), 8.34 (dd, J = 6.5 , 1.0 Hz, 21 1), 
7.78 (t, J = 7.8 liz, 2 ll), 7.61 (d, J = 8.3 Hz, 21-1), 7.43 (t, J = 7.7 liz, 211) 4.59 (t, .J = 4.6 
liz, 2Ir), 4 .05 (t, .J - 4.5 Hz, 2H), 3.80- 3.78 (m, 2H), 3.66- 3.6 1 (m, 811), 3.53- 3.51 (m, 
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2H), 3.36 (s, 3ll); 13C MR (125 Mllz) 8 176.4, 156.2, 153.0, 135.77, 135 .59, 127.2, 
125.0, 121.7, 121.6, 119.1 , 118.4, 74.4, 72. 1, 71.1, 71.0, 70.9, 70.8, 70.7 (2C), 59.2; M 
IAPCl (+)J mlz (%) 521 ([M+Hi 1 , 100); IIRMS lEI(+)] calcd for 29H2s09 520.1733, 
found 520.1729. 
6,6' -(2,2 '-(2,2 '-Oxybis( cthanc-2,1-diyl)bis( oxy))bis( cthane-2,1-diyl))bis( oxy)-
dibcnzoparanol3,2-b]xanthcnc-l2,14-dionc (4.14) 
0 0 
0~0~0~0~0 
To a suspensiOn of hydroxyl hcterol5lacence 4.37 (99.8 mg, 302 J-lmol) m 
anhydrous DMF (I 0 mL) was added potassium carbonate (83.5 mg, 604 f.tmol) m 
portions. The resulting orange solution was sti rred for 15 min then 4.44 ( 184 mg, 366 
~tmol) was added. The reaction mixture was heated at reDux for 27 h. After DMF was 
removed under reduced pressure, Cll2CI2 (30 mL) and ll20 (20 mL) were added to the 
residue. The layers were separated and the aqueous layer was extracted with CH2Ch (3 x 
30 mL), washed with aqueous saturated Nll4CI ( I x 10 mL), washed with H2 0 ( I x 20 
mL), washed with brine, dried over Mg 0 4 , and filtered. After the sol ent was removed, 
the crude product was purified by column chromatography (50:50 Et0/\c:CH2Cl2) to 
yield 4.14 (69.4 mg, 57%) as a colorle s solid: R1 = 0.30 (50:50 EtOAc:Cl-hCh); mp 
264- 265 °C; lR v 3073 (w), 287 1 (w), 1677 (s), 1599 (s), 1467 (s), 1437 (s), 1340 (m), 
1312 (s), 1220 (s), 11 24 (s), I 074 (m) 763 (s), 750 (s), 685 (s) (cm-1) ; 11 I NMR (500 
MHz) 8 9.02 (s, 211), 8.28 (dd, J = 7.3, 1.4 liz, 41 I), 7.73- 7.70 (m 41 1), 7.53 (d J = 8.7 
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Hz, 4H), 7.37 (t, J = 7.5 Hz, 4H), 4.55 (t, J = 4.5 Hz, 4H), 4 .0 1 (t, J = 5.0 Hz, 4H), 3.73 
(t, J = 5.0 Hz, 41 1), 3.59 (t, J = 4.8 llz, 411); 13C NMR (125 MHz) o 176.2, 156.1 , 152.9, 
135.69, 135.49, 127.2, 124.9, 121.65, 121.55, 119.1, 118.2, 74.3, 71.04, 71.0 (one peak 
missing due to overlap); MS [APCI (+)] m/z (%) 819 ([M+Ht, I 00); 11RMS could not be 
obtained either by I EI ( )] or [Cl (+)l 
5-Acetyl-2,4-dihydroxyacctophcnonc (4.28)20 
~ 
HO)l)._,OH 
To a vigorously stirred mixture of acetic anhydride (9.18 g, 89.9 mmol) and z inc 
chloride (12.3 g, 90.2 mmol) was added resorcinol (4.52) (5 .01 g, 45.5 mmol) in a 
portion. T he reaction mixture was slowly heated up to 150 oc for 3 h, then was cooled to 
room temperature and cold aqueous I M I!Cl (500 mL) was added. The precipitates were 
collected by suction filtration . Column chromatography (35:65 · tOAc:llexanes) of the 
crude product yielded 4.28 (6.76 g, 77%) as a yellow solid: R1 = 0.31 (35:65 
EtOJ\c:Hexanes); mp 186- 187 °C (lit. mp20 178- 179 °C}; 1II NMR (500 MHz) o 12.94 
(s, 2H), 8.2 1 (s, III), 6.43 (s, 1H), 2.63 (s, 6II); MS [APCI (+)I mlz (%) 195 ([M II] +-, 
I 00). 
4,6-0ioxo-4l/,6//-bcnzo [ 1 ,2-b:5,4-b 'I dipyran-3, 7-dicarboxyladchydc ( 4.27)2 1 
0 0 
OHC~CHO 
~")l)._,") 0 0 
To a solution of 4,6-diacetylresorcinol (4.28) (5.53 g, 28.5 mmol) in DMF (75 
mL) was added dropwise POCI3 ( 17.5 g, 114 mmol) at 0 °C. The resulting reaction 
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mixture was stirred at room temperature for 27 h. The reaction mixture was poured into 
icc-cold water (600 mL) and sti rred vigorously for 30 min. The yellow precipitate was 
collected by suction filtration, washed several times with H20, and dried in ai r. The 
crude product was purified by recrystallization (CH2Ch) to yield 4.27 (5.09 g, 66%) as 
yel low crystals: R1 = 0.28 (2:98 Et0Ac:Cl12CI2); mp 275 oc (decomposed) (same as 
lit.21) ; 1ll NMR (500 MHz) 8 10.39 (s, 211), 9.26 (s, lH), 8.56 (s, 21-1), 7.68 (s, 2H); 13C 
MR (125 Mllz) 8 187.8, 174.8, 161.1 , 158.8, 127.7, 123.9, 120.7, 108.7; MS rAPCl 
(+)] mlz (%) 27 1 (lM+IIt, 100). 
Dccyl chloroacctatc (4.54)228 
1-Dccanol (3.37 g, 21.3 mmol) was added dropwise to the suspension of K2C03 
(4.58 g, 27.7 mmol) in CH2CI2 (1 0 mL). The reaction mixture was sti rred at room 
temperature for 30 min and cooled in icc bath for 10 min before dropwise addition of 
chloroacctyl chloride ( 4.53) (2.40 g, 2 1.3 mmol) . The resulting reaction mixture was 
st irred at room temperature for 1.5 h. The reaction mixture was filtered and the solids 
were washed with CH2Ch. The filtrate was washed with aqueou 20% Nal-IC03 (2 x 20 
mL), washed with 1-hO (2 x 30 mL), washed with brine, dried over MgS04, and filter d. 
The solvent was removed under reduced pressure. Pure product 4.54 (1.93 g, 39%) was 
co llected by disti llati on at 150- 152 °C, 8 mm!Ig (lit. 228 b.p. 148- 150 °C, 10 mmHg) as 
colorless liquid : 111 MR (500 M11z) 8 4. 19 (t, J = 6.6 Hz, 21 f), 4.06 (s, 21 1), 1.66 (q, J -
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7.0 Hz, 2II), 1.36- 1.27 (m, 141-I), 0.88 (t, J = 7.0 Hz, 31-I); 13C MR (125 MHz) 8 167.6, 
66.7, 4 1.2, 32. 1' 29.72, 29.7, 29.5, 29.4, 28.7, 26.0, 22.9, 14.3. 
Dccy l dicthyl phosphoacctatc (4.55)22b 
A mixture of decyl chloroacetate (4.54) (3.94 g, 16.8 mmol) and triethyl 
phosphite (5 .71 g, 34.4 mmol) was heated at 140 oc for 7 h. The excess amount or 
P(OEt)3 and volatile by-products were removed by vacuum distillation to yield crude 
product 4.55 (5.65 g, I 00%) as a colorless liquid (used for the IIWE reaction without any 
purification): 111 NMR (500 MHz) 8 4.20 .I 0 (m, 61-I), 2 .96 (d, }p_11 = 22 Hz, 21-I), 1.64 
(q, J = 7.0 llz, 2ll) 1.35 (t, J = 7.1 liz, 6If), 1.31 - 1.22 (m 14 H), 0.88 (t, J = 6.9llz, 
3H); 13C MR ( 125 Mllz) 8 166. L 66.0, 62.9, 62.8, 34.6 (J -P = 134.2 Hz), 32.1, 29.72, 
29.71, 29.49, 29.42, 28.7, 28.6, 26.0, 22.9, 16.6, 16.5, 14.3. 
2,5-Bis(l-hcxynyl)-1 ,4-dimcthoxybcnzcnc ( 4.62) 
MeO 
OMe 
To a stirred mixture of 2,5-diiodo- 1 ,4-dimethoxybenzene (4.60) (1.95 g, 5.00 
mmol), PdCI2 (PPh3)2 ( 175 mg, 250 ~Lmol) and 1-hexyne ( 4.61 ) ( 1.1 5 g, 14.0 mmol) in 
Et3N (8.0 mL) was added Cui (95.2 mg, 500 pmol) in one portion at room temperature. 
The reaction mixture was stirred at room temperature for 27 h. Water (20 mL) and 
Cf--fzClz (20 mL) were added to the reaction mixture. The organic layer was separated, 
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and the aqueous layer was extracted with CI-hCh ( 4 x 20 mL) . The combined organic 
layer was washed with brine (2 x 10 mL), dried over anhydrous MgS04 and filtered 
through Celite . The solvent was removed under reduced pressure. Column 
chromatography (5 :95 EtOAc:petroleum ether) of the crude product yielded 4.62 ( l.44 g, 
95%) as a light yellow solid: R1 = 0.50 (5:95 EtOAc:petroleum ether); mp 72 oc; IR v 
2956 (m), 2869 (w), 2227 (w), 1498 (s), 1457 (s), 1390 (s), 1322 (w), 1204 (s), I 036 (s), 
860 (s), 78 1 (s), 736 (s) (cm-1) ; 11-I MR (400 MHz), 8 6.79 (s, 21-I), 3.75 (s 61-I), 2.40 (t, 
.J = 7.0 Hz, 4 11), 1.59- 1.37 (m, 8H), 0.88 (t, .J = 7.4 Hz, 61 1); 13C NMR (75 Mllz) 8 
153.7, 115.8, 113.2, 96.0, 77.2, 56.4, 30.9, 22 .1 , 19.5, 13 .7· M (FD) mlz (%) 298 (M, 
I 00). 
1,4-Dimcthoxy-2,5-di-n-hcxylbcnzcnc (4.63) 
A mixture of 2,5-bis(1 -hexynyl)- l ,4-dimethoxybenzene ( 4.62) ( 1.31 g, 4.39 
mmol) and Pd/C (0.13 g) in EtOAe (50 mL) was stirred under a hydrogen atmostphere at 
room temperature for 2.5 d. The reaction mixture was filtered through Celite . The 
so lvent was removed under reduced pressure to yield crude product 4.63 (1.31 g, 97%) as 
a colourless solid: R1 = 0.65 (5 :95 EtOAc:petroleum ether); mp 43 4 oc ; TR v 295 1 (s), 
292 1 (s), 2852 (s), 1697 (w), 1505 (s), 1463 (s), 1402 (s), 1318 (m), 1206 (s), I 045 (s), 
855 (s), 838 (m), 725 (s), 711 (s) (em-1) ; 111 NM R (300 MHz) 8 6.58 (s, 21-I), 3.70 (s, 61-1) , 
2.49 (t, .J = 7.0 liz, 411), 1.5 1.44 (m, 411), 1.33- 1.26 (m, 121-1), 0.84 (t, .J = 7.0 Hz, 61 l); 
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13C NMR (75 MHz) o 151.2, 129.3, 113.0, 56.2, 31.8, 30.22, 30.18, 29.4, 22.7, 14.1 ; MS 
(FD) mlz (%) 306 (M, I 00); HRMS [EI (+)] calcd for C20H340 2 306.2559, found 
306.2556. 
2,5-Dibromo-1 ,4-dimcthoxy-3,6-di-n-hcxylbcnzcnc ( 4.64) 
To a stirred solution of I ,4-dimethoxy-2,5-di-n-hcxylbenzcnc ( 4.63) ( 1.31 g, 4 .27 
mmol) in glacial AcOH (20.0 mL) at room temperature was added dropwise a solution of 
bromine ( 1.36 g, 8.54 mmol) in glacial AcOH (2.0 mL). The reaction mixture was stirred 
at room temperature for 2 d. After the addition of water (50 mL), the reaction mixture 
was extracted with CHCI3 (3 x 30 mL). The combined organic layer was washed with 
distilled water ( I x 30 mL), washed with aqueous I 0% NaHC03 (3 x 30 mL), washed 
with brine (2 x 20 mL), dried over anhydrous MgS04 and filtered. The solvent was 
removed under reduced pressure. Column chromatography (petroleum ether) of the 
crude product yielded 4.64 ( 1.64 g, 83%) as an off-white solid: R1 = 0.80 (5:95 
EtOAc:pctroleum ether); mp 48-49 oc; IR v 2954 (s), 2920 (s), 2852 (s), 1597 (w), 1559 
(w), 1451 (s), 1381 (s), 1299 (w), 1198 (m), 1084 (m), 1018 (s), 891 (w), 79 1 (w), 726 
(m) (cm-1); 11-I MR (400 MHz) 8 3.84 (s, 6II), 2.84- 2.80 (m, 4H), 1.62- 1.54 (m, 4II), 
1.49- 1.42 (m, 4H), 1.38- 1.35 (m, 8H), 0.94 (t, J = 7.1 Hz, 6H); 13C NMR (75 Milz) o 
152.2, 136.0, 119.6, 61.2 , 31.5, 31.46, 29.6, 29.5, 22.6, 14.1; MS (FD) m/z (%) 464 (M, 
I 00); HRMS [El (+)] calcd for C2oH32Br20 2 462.0769, found 462.0776. 
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4.4.2 UV and Fluorescence Measurements 
Methods are identical to those described in Chapter 2, page 105- 1 06. Solutions 
of all xanthones in CHCb were prepared with concentration around 2- 3 x 1 o·5 M. 
Table of UV and Fluorescence data 
Compounds Aabs (E, cm·1 M'1) Aem (nm) 
Diene 4.24 289 ( 19300), 320 (261 00) -
Xanthone 4.23 280 (43000), 346 (7640) -
4.22 254 (95500) , 299 (143000), 354 (22200) 403 
4.12 255 (123000), 300 (171000), 355 (26500) 402 
Hetero[S]acenes 
4.13 255 (43400), 299 (62300), 354 (10300) 403 
4.14 254 (16800), 299 (22600), 354 (37200) 433, 462 
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Selected NMR spectra for synthesized compounds 
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Synthesis and Physical Properties of 
New Donor-Acceptor Xanthone-Carbazole Hybrid Systems 
5.1 Introduction 
Xanthone-based compounds such as benzofuroxanthones 1.192, 1.198 (Entry I , 
"I able 5.1 ), 1 indoloxanthones 1.203, 1.206 (bntry 2, Table 5. 1 ),2 or chromonoxanthones 
4. 1, 4.~ (Entry 3, Table 5.1 )3 were synthesized by others for the study of their 
pharmaceutical properties (see Chapter I pages 40-45). i\ few studies on the physical 
properties of the latter two classes of xanthone-based compounds were carried out,4 in 
which only the chromonoxanthones, were reported to have potential applications as 
pigment dyes and in organic electroluminescent devices. 5 Although these xanthone-
based compounds fall under the heading category of heteroacenes which arc currently a 
hotbed for the discovery of new compounds with potential applications in electronic and 
optoelectronic devices, 6 they have not been revisited, even just for methodology 
development, since the year 2001. 
On the other hand, carbazole-based compounds have been explored to a much 
greater extent and continue to garner interest because of their interesting physical 
properties. There arc three known types of carbazole-based compounds: (1) carbazole-
fused .hctcroaromatic systems such as 1.186/ 5.1 ,8 5.29 (Entry I , Table 5.2); (2) 
carbazole-linked rr-systcms such as 5.3 10 (Entry 2, Table 5.2); and (3) carbazole-linked 
acceptor units such as 5.4 11 5.5 12 (Entry 3, Table 5.2). Carbazole itself is known for its 
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intense luminescence 13 and electron-donor properties. 11 •12 As such, the combination of 
the carbazole moiety with any of the three above-mentioned partners, i.e. heteroaromatic 
systems, n:-systems, and acceptor units affords frameworks that may have applications in 
the following fields: organic light-emitting diodes (OLEDs), field-effect transistors 
(FETs), and organic photovoltaic cells (OPVs, so-called organic solar cells). In general, 
carbazole-based heteroacenes possesses planar and relatively rigid frameworks, which 
promise to enhance n:-conjugation leading to intense luminescence and high charge 
carrier mobility. Therefore, they have potential applications in OLEDs and FETs. 
Carbazole-linked n:-system compounds have been used mainly in OLEDs as blue, white, 
green, and red emitters. 1° Furthermore, carbazole-linked acceptor compounds, which are 
classified as donor-acceptor systems (so-called "push-pull" systems), have potential 
applications in both OLEDs and OPVs, as they exhibit high fluorescence quantum yields 
and good electron transport. 
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Table 5.1 Xanthonc-ba ed compounds. 
Entry Compounds 
Benzofuroxanthones 
0 
"''06o:b :::,... I o I a f_ ~ 
1.192 
Rn9 MeO 0 0 
1.198 
2 lndoloxanthones 
0 
1.206 
3 Chromonoxanthones 
0 
c 
c 
C OH 0 
4 .1 
Potential 
Class 
properties 
heteroacenes biological activity 
heteroacenes biological activity 
heteroacenes biological activity 
luminescence 
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Potential 
applications 
therapeutics 
therapeutics 
pigment dyes 
electroluminescent 
devices 
Table 5.2 Carbazole-based compounds. 
Entry Compounds 
1 Carbazole-fused heteroaromatics 
R 
cto:o 
N 
I 
R 
1.186: R = p-octylphenyl 
R 
d'o:o 0 
5.1: R = p-phenyl 
R 
I 
N 
......... ~ ~ 7 ~ --
R ~ h ~ ____, ~ h R 
s s 
5.2: R = n-C4Hg 
2 Carbazole-linked n-system 
QN~ 0 5.3 
3 Carbazole-linked acceptor 
I donor H linker H acceptor ~ 
Potential 
Class 
properties 
heteroacenes luminescence, 
charge carrier 
ability 
light-emitting luminescence 
organic 
compounds 
donor-
acceptor 
system 
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Potential 
applications 
OLEOs 
FETs 
OLEOs 
OLEOs 
organic solar 
cells 
Chapter 5 
From this brief overview of the properties of xanthone- and carbazole-based 
compounds, indoloxanthones (from here on also referred to as xanthone-carbazole hybrid 
systems) may possess distinct properties and structural characteristics because they 
contain both xanthone and carbazole moieties. First, xanthone-carbazole hybrid 
compounds arc expected to inherit properties from the ir "parents", xanthone and 
carbazole, which may endow them with properties that are desirable both for 
pharmaceuticals and in electronic or optoelectronic devices. Second, xanthone-carbazole 
hybrid compounds are not only heteroacenes but they arc also unusual donor-acceptor 
systems, in which the carbazole donor is fused to the xanthone acceptor. This contrasts 
typical donor-acceptor systems, where the donor and acceptor units arc connected via a 
linker, usually a n-system. The structures and physical properties of the very few known 
xanthone-carbazo le hybrid systems (1.203, 1.206) have not been studied with an eye 
toward applications in OLEDs, FETs, or OPVs. Thus, these promising systems were 
chosen as target structures. 
Only two approaches for the synthesis of xanthone-carbazole systems have been 
rcported.2 In both cases, the xanthone moiety was introduced via " ring B construction" 
or " ring C construction", while the carbazole or indole moieties were present in the 
starting materials (Chapter l , page 43). s such, the development of new approaches to 
xanthone-carbazole hybrid systems would be advantageous, not just for the sake of 
methodology development, but also to allow for broader scope in the synthesis of this 
class of compounds. 
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Thus, the aims of this research were (1) to synthesize new xanthone-carbazole 
hybrid systems such as 5.6, 5.7 (Figure 5. 1) employing the IEDDA-based methodology 
described in Chapter 2; (2) to study their physical properties (absorption, emission, 
aggregation and electrochemistry) and (3) to extend the molecular framework to aryl-
substituted xanthone-carbazole systems such as 5.8-5.10 and study their physical 
properties. 
X 
5.6 OMe 5.7 
1 N-a ky - nco ol2,3-a:-4-methoxy-9H-xanthene-9-one 1 N-a ky- nc o oi3,2-b: -4-methoxy-9H-xanthene-9-one 
Ary 
Ary Ary 
5.8 OMe S.S OMe 5.10 OMe 
Figure 5.1 Target structures and IUPAC names. 
The IUPAC names of these compounds based on an indole moiety fused to a 
xanthene skeleton are shown in Figure 5.1. However, to highlight the unique features 
and properties of the systems containing fused xanthone and carbazole units, a common 
name for the target structures, i. e. "xanthone-carbazole hybrid systems", is used in this 
Chapter. 
5.2 Synthetic Approach to Xanthone-Carbazole Hybrid Systems 
The synthetic approach to xanthone-carbazole hybrid systems revolved around the 
construction of the two key parts: the xanthone system and the carbazole system. For 
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xanthone construction, the lEODA strategy, the development of which was described in 
Chapter 2, was employed. Several approaches to the carbazole framework have been 
reported. One of the earliest syntheses of carbazole (5.12), which was published in 1926, 
involved a cyclodehydrogenation of diphenylamine (5.11) in the vapor phase over a Pt/C 
catalyst (Entry 1, Table 5.3). 14 The improvement of this method was realised by 
changing the catalyst to platinum supported on silica or alumina, 15 or on magnesium 
oxide. 16 However, the highest yield of carbazole (5.12) was only I 0% for the Pt/MgO 
catalyst. Cadogan et al. discovered that o-nitrobiaryl compounds reacted with 
triphenylphosphite at reflux (this reaction was later named the Cadogan reaction) to give 
carbazole (5.12) in good yield (83%) ( ~ ntry 2, Table 5.3). 17 However, later 
investigations in this reaction found that the desired carbazole was often contaminated 
with an N-ethylatcd product 5.14, which resulted from an alkyl transfer to the product 
either directly from P(OEt)3 or, more likely, from the triethyl phosphate byproduct of the 
rcaction. 18 To prevent the formation of this unwanted product, a modification of the 
Cadogan reaction that employs triphcnylphosphite instead of triethylphosphite was 
dcveloped. 18a Optimal yields of carbazoles were obtained in the range of 67- 99%, 
depending on what substituents were present. The disadvantages of this modification arc 
the choice of a suitable solvent for the reaction and the difficulty in separating the 
byproduct P(O)(OPh)3 from the polar carbazole products. Therefore, the original 
Cadogan reaction is still employed for the synthesis of larger carbazole systems.19 
However, this reaction is not very regioselcctive and, where possible, gives mixtures of 
products, e.g. 5.16 and 5.17 (Entry 2, Table 5.3). 
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Table 5.3 Methodologies for the synthesis of carbazole framework. 
Entry Methodologies for synthesis of the carbazole framework 
1 Cyclodehydrogenation 
H 
PUC t'J ~ 
5.11 5.12 
2 Cadogan reaction 
H 
+ 
P(OEI)J, reflux ~ 
5.13 
I 
5.12 
major 
t 
H 
N 
P(OEth Cl-rso:o-~ o.-- .-o Cl 
---- ,.__ ~ h ~ ,1 Cl + 
reflux . 24 h N 
H 
5.16 (8%) 
3 Iron-mediated arylamine cyclization 
NH· ~OM< 
CO; Me 
5.1 a 
~~eiCO;, 
VsF,-
5.19 
MeCN 25 ' C 
3E% 
4 Ullmann coupl ing 
NH; ~EH ., H; N 
:_ ~ ~~NY~ 
Br Br 
5.22 
5 Double N-arylation 
TfO OTf 
0 NH-iCO;,Fe - ..•• ~OMe y 
CO; Me 
5.20 
Cu Cu K; CO, 
r. -buty ether ref U) 24 h 
88% 
MnO; 
tc uene 25 ' C 
54% 
6-b 
Pd; idba;, CHC , )antphos 5.26 
H; NBcc K, PO, touene 1CC ' C E7h 
81% 
... 
Bee 
N 
CPO 
5.24 5.25 
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I 
~ 
5.14 
minor 
Cl 
H HN 
N 
~ ~ y ~ 
5.17 (35%) 
H OMe 
0:0 
CO; Me 
5.21 
M 
PPh; PPh; 
5.26 
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The synthesis of carbazole compounds via iron-mediated a rylamine cycl ization 
was investigated starting in the 1980s?° For example, carbazole 5.21 (Entry 3, Table 5.3) 
was obtained in a two-step procedure involving ortho-selective clectrophi lic substitution 
of an arylaminc 5.18 by a tricarbonyliron-complexed cyclohexadienyl cation 5.19, 
followed by oxidative cycl ization of the resul ting complex 5.20 with concomitant 
aromatization? 1 However, the yie lds of the carbazo les obtained using this method were 
moderate at best. Intramolecular U llmann coupling of 5.22 (Entry 4, Table 5.3)22 and 
double N-arylation of ditriflate 5.24 (Entry 5, 1 able 5.3)23 gave carbazoles 5.23 and 5.25, 
respectively. A lthough these reactions proceed in good yield and do not have 
rcgioselcctivity issues, finding appropriate cond itions is an issue. 
Among the aboved-mentioned methods fo r the synthesis o f carbazoles, the 
Cadogan reaction is among the simplest ones, both in terms of reagents and condi tions. 
Indeed, this reaction has been widely used fo r the synthesis of carbazolcs and even for the 
synthesis of indolocarbazoles. 17- 19 In unpublished work, W itulsk i et a!. 24 successfully 
synthesized indolocarbazole 5.30 using a microwave-assisted double-Cadogan reaetion25 
(Scheme 5. 1 ). Jn th is Chapter, the usc of this microwave-assisted Cadogan reaction to 
establish the carbazole moiety in the target xanthone-carbazole hybrid systems is 
described. 
RO 
iOH;; B-Q- BiOH;; 
OR 
5.27 
0 - N 
Br-D 
RO O; N 
__ 5.2_8 --- q-~ h -h 
Suzuk ccup ng "'==-(~ 
NO; OR 
5.2 9 
-
-P-10- E-t;_, _' 'W- 13-CC_w_;• O:):;RO"Jo ~ '' 15mnEO% , 
NaH CtH.,Br 8C% 
R OR 
5.30 
Scheme 5.1 Synthesis of indolocarbazole 5.30 via microwave-assisted Cadogan reaction. 
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The retrosynthetic cleavage of the indicated bonds in xanthone-carbazole hybrid 
systems 5.6 and 5. 7 according to a Cadogan transform revealed xanthones 5.31 as 
precursors (Scheme 5.2). As mentioned earl ier, the Cadogan reaction is known to occur 
with relatively low regioselectively when more than one position for ring closure is 
avai lable. Consequently, nitrophenylxanthones 5.31 were expected to undergo ring 
closures at both the 1 and 3 positions due to the free rotation around the biaryl bond 
connecting the xanthone system and the nitrophenyl group. The subsequent N-alkylation 
of the resulting products would give constitutional isomers 5.6 and 5.7, respectively. The 
key intermediate xanthones 5.31 could be taken back to hydroxyacetophenones 5.35 via 
three steps: an I ~ DD/\-driven domino reaction (see Chapter 2), a decarboxylative 
Knoevenagel condensation and a Vilsmeier reaction. The required nitro group for the 
Cadogan reaction step originates from nitrophenyl acetic acids 5.33, which should be 
avai lable in up to two steps from commercial starting materials fo llowing literature 
procedures. 26 
X 
5.6 
OMe N-a kyat on X 
1-1W-ass sted 
Cad egan 
X rea ct on 
5.7 
0 
5.31 OMe 
X~ 
UOH 
ECCA X 
react en 
5.32 
y 
decarbo~y at ve ij 1-C;C 0 
Koevenage ~
condensat on 5.33 1\ C; 
V sme er 
react on 
0 
X~CHO 
:::,... I I 
0 
5.35 5.34 
Scheme 5.2 Retrosynthetic analysis of target xanthone-carbazole compounds 5.6 and 5.7. 
247 
Chapter 5 
5.3 Results and Discussion 
5.3.1 Synthesis of the Parent Xanthone-Carbazole Hybrid Systems 
The synthesis of the parent xanthone-carbazole compounds 5.39-5.41 (Scheme 
5.3) commenced with the preparation of diene 5.37 via a decarboxylative Knoevenagel 
condensation of 3-formylchromone (2.19) and 2-nitrophenylacetic acid (5.36) (1 .5 
cquiv.). Employment of the conditions (pyridine, 70- 80 °C) successfully used for p-
nitrophenyl diene 1.15g (see Chapter 2, page 62) gave only 7% of the d~sired diene 5.37 
along with 52% recovery of starting material 2.19 after 3 d of heating. The yield of diene 
5.37 was significantly improved upon modifying the conditions (pyridine, reOux, 4 d, 
56%) and (1-BuOK, pyridine, reflux, 24 h, 85%). Obviously, the use of a stronger base 
(t-BuOK) accelerated the reaction and improved the reaction yield. The (E) geometry of 
the newly-formed C-C double bonds of diene 5.37 was confirmed by the magnitude of 
the 3.1 coupling constants (16.1 - 16.7 Hz) in its 1H MR spectrum. 
OMe 
5.41 18%: 
115equv :(') 
HO;C~ 
5.36 NO; 
1-BuOK 11 0 equ v : 
pyr d ne ref U) 24 h 
85% 
0 
0 
5.37 
OMe 
5.40 19%: 
NO; 
MeO 0 
F 
MeO 1.225 
benzene ref U) 44 h 
81% 
OMe 
5.39 IEB%: 
5.38 OMe 
J PIOEt:, CHC , pW 130cw: 21C ' C 45 m n 
Scheme 5.3 Synthesis of the parent xanthone-carbazole compounds 5.39-5.41. 
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Xanthone 5.38 was smoothly generated in 81% yield from the IEDDA-driven 
domino reaction between diene 5.37 and enamine 1.225. A Cadogan reaction was then 
carried out under microwave irradiation (300 W, 210 °C) for 45 min (three 15-min 
periods).27 It was found that the reaction mixture could be stirred more easily when 
CHCh or CH2Ch (1 mL) was added as a cosolvent, due to the enhancement of solubility. 
As expected, both the "angular" isomer 5.39 (68%) and "linear" isomer 5.40 (9%) were 
formed along with byproduct 5.41 (8%). The total yield was relatively high (85%), and 
the angular isomer 5.39 was the major product. The structures of 5.39 and 5.40 were 
confirmed using single crystal X-ray analysis (Figure 5.2)28 as well as by their 1H NMR 
spectra. In particular, H-8 (dd, 8.40 ppm) in the angular isomer 5.39 and H-1 (s, 8.85 
ppm) in the linear isomer 5.40 are the lowest-field signals among the aryl hydrogens in 
the molecules. The N-H signals were easily recognized by D20 exchange experiments. 
Figure 5.2 X-ray structures of 5.39 and 5.40. 
The non-N-alkylated xanthone-carbazoles 5.39 and 5.40 have low solubility in 
common organic solvents. They also appeared as very close spots on tic. To improve the 
prospects of separating and adequately characterizing the two isomers, the crude Cadogan 
products were subjected toN-alkylation reactions to form more soluble products. Three 
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different alkyl groups, namely methyl, ethyl, and n-octyl were employed. Attempted N-
methylation of the product mixture obtained from the Cadogan reaction of xanthone 5.38 
using condition (Mel, aH, THF, rt) that had been used successfully for indolocarbazole 
5.30 (Scheme 5. 1) was unsuccessful. l lowever, using new conditions (KOH, dioxane, 
1 ), the N-methylatcd products 5.42 (major, 85%) and 5.43 (minor, 7%) were formed in 
excellent combined yield (92%) (Scheme 5.4). No N-ethylated byproducts were isolated 
or observed in thi s reaction. The N-alkylation of the Cadogan products with ethyl iodide 
or octyl bromide did not occur at room temperature using KOI I in dioxane but the 
reactions were successful upon heating at I 00 oc. Similarly, excellent combined yields 
(95- 96%) were obtained in these alkylations, and the angular isomers 5.44 and 5.45 were 
the most abundant isomers. The yield ratios between the angular isomers and the linear 
isomers in these cases were 12:1 (R = CII3), 4: 1 (R = C2H5) , and 11 :1 (R = n-Csl£ 17) , 
respccti vel y. 
5.Ja 
PtOEt;< 1,W t3CCW; 
21C ' C 45mn 
CH< trt; or C; H ~ 
or r. -C1H.1Br 
KOH d o~ane 
1 CC ' C c ~ ern ght 
OMe 
5.42 R = CH< ee% 
5.44 R = C; Ht 77% 
5.45 R = r. -C1H. , ee% 
5.43 R = CH< 7% 
5.41 R = c,H~ 1 a % 
5.46 R = r.-C1 .1 2% 
Scheme 5.4 Synthcs i oi' N-a lkylated xanthone-carbazole compounds 5.41- 5.46. 
5.41 E% 
[n theory, products 5.39 and 5.40 could both undergo an ethyl transfer from the 
phosphorus species P(OEt)3 or P(O)(O ·t)3 in the Cadogan reaction step. However, in 
practise, byproduct 5.41 was the only one observed. This result indicated that the linear 
isomer more easily reacted with ethylating agents (triethyl phosphite or triethyl 
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phosphate) than the angular one. Hydrogen bonding can be used to explain this result. 
From the X-ray structures (Figure 5.3), the angular isomer 5.39 showed both 
intramolecular (2.39 A) and intermolecular (2.07 A) hydrogen bonds while the linear 
isomer 5.40 showed only the intermolecular hydrogen bond (2.05 A). In other words, the 
absence of intramolecular hydrogen bonding in the linear isomer presumably makes it 
more reactive toward the alkylation (the N-H group is more easily deprotonated) than the 
angular one (the N-H group is harder to deprotonate). The lower product ratio for theN-
ethylated compounds 5.44 and 5.41 is presumably because the N-alkylation product of 
the linear isomer and the byproduct obtained from ethyl transfer to the linear isomer are 
one and the same (5.41). 
5.39 5.40 
Figure 5.3 Hydrogen bonds of in X-ray structures of 5.39 (left) and 4.40 (right). 
In brief, the parent xanthone-carbazole hybrid systems (5.39- 5.46) were 
successfully synthesized in only four steps from readily-available starting materials. 
High yields (>80%) were obtained in every single step. The microwave-assisted 
Cadogan reactions, followed by an N-alkylation gave consistent results and high 
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combined yields (92- 96%) with the angular isomers 5.42, 5.44, 5.45 (77- 88%) as the 
major products in all cases. Further examples of the microwave-assisted Cadogan 
reaction are described in the fo llowing Section. 
5.3.2 Synthesis of ubstituted Xanthone-Carbazole Hybrid Systems 
With the parent xanthone-carbazole hybrid systems in hand, the research was 
broadened to include the microwave-assisted Cadogan reactions of 
o-nitrophenylxanthones bearing substi tuents on the chromone and I or the nitrophenyl 
moieties (h gure 5.4). Methoxy- and bromo- groups were chosen because they could 
conceivably serve as hand les fo r further elaboration. The synthesis of some substituted 
xanthones 5.3 1 commenced with the preparation of some non-commercially-available 
starting materia ls i.e. 3-formylchromones 5.34a and 5.34b, o-nitrophenylacetic acids 
5.33a and 5.33b as well as intermediate dienes 5.32a- f (Table 5.4). 
X 
5.31 OMe 
Figure 5.4 Xanthones bearing substituen ts 5.31 . 
First, the 6-methoxy- and 6-bromo-3-fo rmylchromones 5.34a and 5.34b were 
prepared from the corresponding hydroxyacetophenones 5.35a and 5.35b, respectively, 
via Vilsmeier reactions29 in good yields (Scheme 5.5). 
X~ 
U OH 
5.35a X = OMe 
5.35 b X = Br 
CMF POC , rt 4 d 
0 
X~CHO 
U ,) 0 
5.34a x = OMe ec% 
5.34b X = Br S8% 
Scheme 5.5 Synthesi of3-formy lchromone derivatives 5.34a and 5.34b. 
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Second, o-nitrophenylacetic acid derivatives 5.33a and 5.33b were obtained in 
good yields via a two-step synthesis, which followed the li terature procedures for 5.33b26 
(Scheme 5.6). 
0 
EtO~OEt 
OMe 0 5.4a OME OMe ~ KOEt Et; O to uene ~ C 5 M NaOH H;O; 11C%; HOOC~ c · c a 5 h 1 c · c 3 h 5C · c 2 h 2 N HC HO H, c 
NO; 0 NO; 8E% 12 steps; NO; 
5.47 5.49 5.33a 
5.4a q"' KOEt Et; O tc uene }JI'' C 5 M NaOH H;O; 11C%; Jl'' c · c c 5 h H,c 1 c · c 3 h 5 c · c 2 h HO 2 N HC HOOC 
NO; 0 NO; 74 % 12 steps; NO; 
5.50 5.51 5.33b 
Scheme 5.6 Synthesis of o-nitrophenylacctic acid derivatives 5.33a and 5.33b. 
Thi rd, a senes of dienes 5.32a- f (Table 5.4) was synthesized from 3-
formylchromones 5.34a- b and nitrophenylacetic acids 5.33a- b and 5.36 v1a 
decarboxylative Knoevenagel condensation under the conditions used previously for 
diene 5.37 (Scheme 5.3). However, the reaction times (1- 3 h) to form the substituted 
dienes 5.32a- f were much shorter than that of diene 5.37 (24 h), which bears no 
substitutent. Similarly, dienes 5.32a- f were obtained in good yields (78- 88%), and 
dienes bearing a bromo substituent were obtained in slightly lower y ields than those 
bearing a methoxy group. The E geometry of the newly formed C-C double bonds was 
again confirmed by 11-1 NMR ej ;::::, 16Hz). 
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Table 5.4 Synthesis of o-nitrophcnyl diencs 5.32a- f. 
Entry 
a 
b 
c 
d 
e 
f 
0 
X~CHO 
U)J 1-BuOK 11 0 EQU ~ : pyr d nE rEI u~ 
X 
.... 
0 
5.34 5.32 
Chromone 
Nitrophenylacetic 
Diene 5.32 
acid 
0 ~I 
MEO ~ ~ :::,... 
5.34a 5.36 :::,... I I NO; 
0 
5.32a 
0 ~ I 
Br ~ ~ :::,... 
5.34b 5.36 :::,... I I NO; 
0 
5.32b 
OME 
0 ~ I 
2.19 5.33a ~ ~ :::,... I I :::,... 
0 NO; 
5.32c 
0 ~ I Br 
~ ~ :::,... 
2.19 5.33b I I NO; :::,... 0 
5.32 d 
OME 
0 ~ I 
5.34a 5.33a MEO ~ ~ :::,... I I :::,... 
0 NO; 
5.32 e 
0 ~I Br 
Br ~ ~ :::,... 5.34b 5.33b I I :::,... 
0 
NO; 
5.321 
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Time (h) Yield(%) 
1.75 83 
3.0 79 
3.0 88 
1.5 78 
2.5 86 
1.0 78 
Chapter 5 
Finally, the IEDDA-drivcn domino reactions between dienes 5.32a- f and 
cnamine 1.225 smoothly afforded o-nitrophenylxanthones 5.31a-f (Table 5.5). Excellent 
yields were obtained for 5.31b (98%) and 5.31c (96%). The yields of the other xanthoncs 
were in the range of 74- 86%, except for 5.31f (56%), which may have suffered losses 
during purification by chromatography due to its lower solubility. 
At this point, the stage was set for the synthesis of substituted xanthone-carbazole 
hybrid systems from xanthones 5.31a- f via microwave-assisted Cadogan reactions,30 
followed by N-alkylations. Using the same conditions (300 W, 2 10 °C) that were 
successfully used for xanthones 5.38, the Cadogan reactions of xanthoncs 5.31a- c were 
irradiated for a total of 60 min (3 x 20 min periods), by which time the starting materials 
were comsumed completely (tic analysis). Slightly different behaviour was exhibited by 
xanthone 5.31f, which was consumed a little faster, i.e. in only 40 min (2 x 20 min 
periods). Af1er workup, the crude Cadogan products were subjected to N-alkylations 
with 1-bromodecane employing the established conditions (KOH, dioxane, I 00 °C, 
overnight). In most cases, a mixture of products including angular isomer 5.52, linear 
isomer 5.53, and linear byproduct 5.54 were obtained (Table 5.6). However, the angular 
byproduct 5.55a (trace) was also isolated. Its apprearance, albeit in very small amounts, 
indicated that the angu lar isomer cou ld undergo ethyl transfer during the Cadogan 
reaction, but its reaction rate must be much slower than that of the linear isomer. 
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Table 5.5 ynthesis of o-nitrophenyl xanthones 5.31a- f. 
MeO 0 
0 )=l 0 
X MeO 1.225 X 
NO; benzene ref u~ 
5.32a- f 5.31a- f OMe 
Entry Diene Xanthone Time (h) Yield(%) 
0 
MeO 
a 5.32a N02 20 74 
5.31a OMe 
Br 
b 5.32b 20 98 
5.31 b OMe 
OMe 
c 5.32c 2.5 96 
5.31 c OMe 
Br 
d 5.32d 2.0 86 
5.31d OMe 
OMe 
0 
5.32e MeO 3.5 82 e 
5.3 1 e OMe 
Br 
Br 
f 5.32f 2.0 56 
5.31 I OMe 
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Table 5.6 Synthes is of substituted xanthone-carbazole hybrid systems. 
X 
Entry 
a 
b 
c 
d 
e 
f 31 
Xanthcnes 5.31 a- 1 
X Y = H OMe Br ] j PiOEt;, CH; C ; pW i300W; 210 ' C EO m n C-c H; -Br KOH d O)ane 10C ' C o~ern ght 
X X 
5.52 OMe 5.55 OMe 
Xanthone-carbazoles (%) Ratio 
Xanthones Total 5.52: 5.52 5.53 5.54 5.55 yield (%) (5.53 +5.54) 
0 r- 1 
MeO r- I ~ :::,.... I N02 79 0 14 trace 93 6:1 :::,.... 0 0 
5.31a OMe 
0 r- I Br r- I~ :::,.... I NO; 70 11 7 0 88 4:1 :::,.... 
0 
0 
5.31 b OMe 
OMe 
0 r-1 
r- I ~ :::,.... 48 15 12 0 75 2:1 I :::,.... 
0 0 NO; 
5.31 c OMe 
0 r-
Br 
:::,.... I r- I I~ 52 4 5 0 61 6:1 :::,.... 
0 
0 N02 
5.31d OMe 
OMe 
0 r-1 
MeO 
:7 I ~ :::,.... 64 0 15 0 79 4:1 
:::,.... I N02 0 0 
5.31e OMe 
0 r-
Br 
Br :::,.... I r-
I I"" 64 9 0 0 74 7:1 :::,.... 
0 ..0 
NO; 
5.31 1 OMe 
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Substituted xanthone-carbazole systems 5.52a-f - 5.55a-f were obtained in good 
tota l y ields (61- 93%), but slightly lower than the unsubstituted ones (92- 96%) (Scheme 
5.4). The ang ular isomers 5.52a- f were major products in all cases and the linear isomers 
5.53a and 5.53c were not observed. The angular I linear ratios in these cases ranged from 
4 : I to 7: I , except when a methoxy group was attached on the nitrophcnyl moiety (Entry 
c), the ratio dropped to 2: I . 
Although the Cadogan reaction has been w idely applied in the synthesis of the 
carbazole framework , its mechanism has not been well-studied. Cadogan himself 
proposed two possible reaction pathways, one of them involving a nitrene intermcdiatc32 
and the other one an intramolecular nucleophilic substitution 17 (Scheme 5.7). Using 
compound 5.31 as an example, the nitro group fi rst undergoes reduction to afford a 
nitroso compound 5.57, which can react further wi th P(OEt)3 to form intermediate 5.58. 
In the first proposed mechanism, the ring closure of nitrene 5.59, which can be formed 
from intermediate 5.58, can occur at positions 1 and 3 via C-1 f insertion to give angular 
isomer 5.60 and linear isomer 5.61 , respectively. In the second mechanism, 
intermediates 5.62 and 5.63, which arc resonance structures of intermediate 5.58, can 
undergo cyclization via intramolecular nucleophilic substitution, followed by a I ,5-H 
shift to form angular isomer 5.60, via 5.64 and linear isomer 5.61 , via 5.65, respectively. 
However, both mechanisms cannot explain why the angular isomer is formed favourabl y 
over the linear one. A possible explanation for this phenomenon is that the 
intramolecular hydrogen bond may be developing at the transition state leading to the 
angula r isomer, which makes it more stable than that of the linear one. 
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Tn brief, substituted xanthone-carbazole hybrid systems 5.52 and 5.53 (X, Y = H, 
OMe, Br) were synthesized in good total yields (61- 93%) via a microwave-assisted 
Cadogan reaction of nitrophenylxanthones 5.3la- f, which were obtained in three steps 
using the same synthetic route for the non-substituted xanthone 5.38. The angular 
isomers 5.52 (42- 79%) were the major products in all cases. 
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X 
X 
5.58 
5.58 
MeO 
5.31 
-----
MeO 
5.58 
.... 
X 
X 
X 
X 
MeO 
5.56 
~ - P(O)(OEtb 
P(OEtb X 
~ 
MeO 
5.57 
1. Ring closure via nitrene intermediate 5.59: 
ring closure 
at position 1 X 
ring closure X 
at position 3 
y 
MeO 
5.60 
MeO 
5.61 
2. Ring closure via intramolecular nucleophilic substitution : 
0 
0
,P(0 Etb 
I 
0 N,. -...;::: 0 ~y 
.;;:; X 
5.58 ~-.... 
MeO MeO 
5.62 5.63 
t t 
X 
MeO MeO 
5.64 5.65 
t t 
5.60 5.61 
f . c 17 JJ Scheme 5.7 Mcchani ms o the Cadogan rcactron proposed by adogan . ··-
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5.3.3 Synthesis of Aryl-substituted Xanthone-Carbazole Hybrid Systems 
A series of aryl-substituted xanthone-carbazole hybrid systems 5.67a- c, 5.68a- c, 
and 5.69a- c (aryl = phenyl, 2-thienyl, 1-pyrenyl) (Table 5. 7) was successfully 
synthesized from the newly-synthesized bromo-substituted xanthone-carbazoles33 5.52b, 
5.52d, and 5.52f using Suzuki couplings. These biaryl systems were expected to exhibit 
higher fluorescence quantum yields than those of the non-substituted, bromo- or 
methoxy-substituted xanthone-carbazole hybrid systems. The designed structures were 
aimed for potentia l applications in OLbDs or EFf s. 
Table 5.7 ynthcsis of aryl-substituted xanthone-carbazole hybrid systems. 
X 
OMe 
5.5<b X = Br Y = H 
5.5:!d X = H Y = Br 
5.5<1 X = Y = Br 
Boronic 
Entry 
acids 
1 5.66a* 
2 5.66b 
3 5.66c** 
y 
Ary bcrcn c ac ds 5.66a- c 12 equ v fer each Br: 
K; CO, (5- 1C equ v fer each Br: 
Pd!PPh,:, 15- 15 mo %fer each B( 
sc vents ll 
~B!OH:; 
v 
(,S;y-B!OH"-~ ., 
5.66a 5.66b 5.66c 
OMe 
5.67a- c R. = Ar R' = H 
5.68a- c R. = H R; = Ar 
5.6Sa- c R. = R' = Ar 
Suzuki coupling products : yield (%) 
Conditions 
5.67a- c 5.68a- c 5.69a- c 
toluene-ethanol (1 .5: 1) 
5.67a: 100% 5.68a: 93% 5.69a: 86% 
80 °C, 2 h 
DMF 
5.67b: 71%a 5.68b: 71%b 5.69b: 80%c 
100-120 °C, 24-26 h 
dioxane-H20 (2: 1) 
5.67c: 100% 5.68c: 93% 5.69c: 92%d 
100 °C, 2h 
(*): K2C03 (I 0 equiv . for each Br); Pd(PPh3) 4 (5 mol% for each Br) 
(**): K2C03 ( I 0 cquiv. for each Br); Pd(PPh3) 4 (I 0 mol% for each Br) 
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(a): K2C03 (5 cquiv.); Pd(PPh3) 4 (I 0 mol%), DMr, I 00 °C, 24 h, 26% recovery or SM (or 95% 
borsm) 
(b): K2C03 (10 cquiv.); Pd(PPh3) 4 (15 mol% ), dioxane-11 20 (2: 1), 120 °C, 2 h 
(c): K2C03 (20 cquiv.); Pd(PPh3)4 (30 mol% ), DMr, 120 ·c, 26 h 
(d): 18 h 
The initial coupling reactions of 5.52b, 5.52d, 5.52f with phcnylboronic acid 
5.66a occurred smoothly to give phenyl-substituted xanthone-carbazole systems 5.67a-
5.69a, respectively, in good-to-excellent y ie lds (86- 100%) (Entry I Table 5.7). 
However, when the same conditions were applied for the Suzuki coupling of the dibromo 
substrate 5.52f and 2-thicnylboronic acid 5.66b, a mixture of products, including 
monocoupling products 5.67b, 5.68b, the desired dicoupling product 5.69b, and the 
dcbromination product 5.70, were obtained ( 1H NMR and mass spectroscopic analysis) 
(Scheme 5.8). Yields of products could not be determined due to unsuccessful column 
chromatographic attempts at purification. 
Br 
OMe 
5.521 
5.66b 
----------------------~· 
K; CO: i2C equ ~ : PdiPPh,:, i1C me %: 
tc uene I ethane ref u~ 14 h 
R 
OMe 
5.67b R' = 2-th eny R; = H 
5.68b R. = H R' = 2-th eny 
5.69b R. = R' = 2-th eny 
5.70 R = R' = H 
Scheme 5.8 Suzuki coupling or 5.52f with 2-thicny lboron ic ac id 5.66b. 
Besides the co-solvent system tolucnc-cthanol,34 DMF35 and dioxane-J-h036 arc 
also used in Suz uki couplings. Therefore, these solvent systems were employed for the 
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couplings with 2-thienylboronic acids 5.66b with the same base and catalyst. The 
monocoupling products 5.67b and 5.68b were formed in similar yields (71%), but the 
reaction time was much shorter in dioxane-H20 ( 120 °C, 2 h) than in DMF (1 00 °C, 24 h) 
(Entry 2, Table 5. 7). However, the amount of protodebromonation product 5. 70 
increased during the course of reaction (tic observation) when dioxane-1-hO was used as a 
co-solvent system. Di-2-thienyl substituted xanthone-carbazole 5.69b was obtained in 
80% yield in DMF and none of the byproduct 5.70 was produced. It is worth noting that 
the catalyst loading was increased to 15 mol% (per bromo group) in the couplings of 
5.52d or 5.52f with 5.66b. This may well have contributed to the enhancement of the 
reaction rates and reaction yields in these cases. Although the Suzuki coupling of 5.52f 
with 1.-pyrenylboronic acid 5.66c fai led with toluene-ethanol ( 1.5: I) as the solvent, a 
series of 1-pyrenyl substituted xanthone-carbazole systems 5.67c (1 00%), 5.68c (93 %) 
and 5.69c (92%) was formed in excellent yields in dioxane-I-hO (2: I). 
In brief, a new series of the phenyl-, 2-thienyl-, and 1-pyrenyl- substituted 
xanthone-carbazole hybrid systems 5.67a- c, 5.68a- c, and 5.69a- c was synthesized in 
good-to-excellent yields (71- 100%) from the corresponding bromo-substituted xanthone-
carbazolcs via Suzuki coupling reactions. Three different solvent systems were used 
(toluene-ethanol, DMF, and dioxane-I-bO), each one being most suitable for a particular 
arylboronic acid. 
5.3.4 Structures and X-ray Packing Motifs of Xanthone-Carbazole Hybrid Systems 
One of the characteristics of acenes and hetero[5]acenes that makes them of 
interest with regard to charge transport is their planar frameworks. The planar structure 
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provides an opportunity for intermolecular n- n interactions to favor stacking in the 
packing motif of the molecule and this type of long-range order often leads to high 
charge carrier mobility ofthe molecule.37 
X-ray crystal structure determinations of xanthone-carbazole hybrid systems 
5.39- 5.42 (Figure 5.5) revealed that they have essentially coplanar frameworks. Similar 
to the xanthone moiety (<D = 2.85°, sec Chapte r 1, page 13), the carbazo le uni ts also have 
only s light deviations from planarity. The re lative average torsion angles (<D, Figure 5.5) 
are in the range of 2.05- 2.37°. Such slight distortions could easi ly be accounted for by 
crystal packing fo rces and, as such, are not necessarily innate structural features of the 
molecules. The alkylated compounds 4.42 (R = CI-13) and 4.41 (R = C2H 5) have even 
smaller relative average torsion angles (<D = 0.98- 1.00°) than those of the non-alkylated 
ones, i. e. 5.39 and 5.40 (R = H). 
OME 
angu ar scmEr 
0 
0 
near scmer 
5.39 R = H 
ABCC 2 7E ' 
FBCE 1 58 o 
ABCE 17€ E7 o 11 33 o: 
FBCC 177 49 o 12 51 o: 
<llcoc : 2.05 o 
5.40 R = H 
ABCC 3 E1 o 
FBCE 1 13 o 
ABCE 17753 ° 1347 °: 
FBCC 177 73 o 12 27 o: 
<llcoc:2.37 ' 
5.42 R = Me 
ABCC C 21 o 
FBCE C C5 • 
ABCE 1782€ ' 11 74 °: 
FBCC 178 10 o 11 SC o: 
<llcoc:0.98 ° 
5.41 R = Et 
ABCC 1 27 o 
FBCE C 08 o 
ABCE 178 SC o 11 2C ·: 
FBCC 1792€ 0 1074 °: 
<llco c : 1.00 o 
<ll", s the re at ve average tors on ang e cf nd cated carbcn atoms 
Figure 5.5 T he relative average torsion ang les of 5.39- 5.41 (X-ray calculations). 
The virtually planar structures of these compounds do indeed result in some n 
stacking in the crystal. X-ray crystallographic analysis of angular isomer 5.39 (Figure 
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5.6) shows that the molecules stack cofacially in the solid state (face-to-face interaction) 
with a minimal intermolecular distance of 3.28 A. The molecules also adopt a 90°-
herringbone arrangement, in which the adjacent xanthone-carbazole units show minimal 
edge-to-face contact of 3. 80 A (C-to-C). 
Figure 5.6 X-ray packing motif of angular isomer 5.39 (R = H). 
Similarly, the angular isomer 4.42 (R = CH3) displays both parallel and 90°-
herringbone packing motifs with a minimal interplanar distance of 3.37 A and edge-to-
face contacts of 4.10 A (C-to-C) from the adjacent stacks (Figure 5. 7). 
Figure 5.7 X-ray packing motif of angular isomer 5.42 (R = CH3). 
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The packing motif of linear isomer 5.40 (R = H) is slightly different (Figure 5.8). 
Face-to-face and edge-to-face arrangements are also observed for this compound. 
However, the herringbone angle is 71 °, instead of 90° as for the angular isomers 5.39 
(Figure 5.6) and 5.42 (Figure 5.7). The minimal interplanar distance of 3.43 A and edge-
to-face contacts of 3.88 A (C-to-C) were measured between two molecules and from the 
neighbouring stacks, respectively. 
Figure 5.8 X-ray packing motif of linear i omer 5.40 (R = H). 
The linear isomer 5.41 (R = C2H5) adopts 7t- 1t stacking with a minimal interplanar 
distance of 3.40 A and a herringbone arrangement with an angle of 135° (Figure 5.9). 
The closest edge-to-face contact of 3.64 A (C-to-C) is the shortest distance in comparison 
to those of 5.39, 5.40, and 5.42 (3.8-4.1 A). 
Figure 5.9 X-ray packing motif of linear isomer 5.41 (R = C2Hs). 
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In summary, xanthone-carbazole hybrid systems 5.39- 5.42 exhibit both rr- rr 
stacking and herringbone arrangements in the crystal, which is a commonly-observed 
packing motif of heteroacenes. The edge-to-face angles changed from 90° in the angular 
isomers (5.39, 5.42) to 71° and 135° in linear isomers (5.40 and 5.41 , respectively). The 
planar structures of these compounds enable strong rr- rr stacking with minimal 
interplanar distance range from 3.28 to 3.43 A. These figures easily fall within the rr- rr 
stacking distance (;:::: 3.5 A) required for producing high charge carrier mobilities by 
intermolecular hopping.38 In fact, the known heterol5Jacenes 1.183- 1.186 (Chapter 1, 
Table 1.2 page 39), which have interplanar distances range from 3.44 to 3.52 A, exhibit 
high charge carrier mobilities. Thus, xanthonc-carbazolcs 5.39- 5.42 arc good candidates 
to have simi lar charge transport properties, provided their 1-IOMO-LUMO energy gaps 
are simi lar to those or hetero[5]acenes 1.183- 1.186. 
5.3.5 Physical properties of Xanthone-Carbazole Hybrid ystems 
5.3.5.1 Non-substituted Xanthone-Carbazole Hybrid Systems 
In this section, the results of UV/Vis absorption, fluorescence, cyclic 
vol tammetry, aggregation, and modeling studies of the non-substituted xanthone-
carbazole hybrid systems are presented along with a discussion of the results and a 
comparison of these results to pentaccne and other known hetcrol51accncs. 
Optical properties. 
ln general , mixture of a molecule bearing electron-donor and a molecule bearing 
electron-acceptor exhibits a "charge transfer absorption band ' due to the formation of a 
charge-transfer complex. ormally, the "charge transfer absorption band", the lowest 
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energy band, is broad and sensitive to solvent polarity. In particular, the absorption 
energy decreases (longer wavelength, or red-shift) as the solvent polarity increases.39 
These features may be expected to manifest themselves in a molecule containing both an 
electron-donor and electron acceptor unit in its structure, such as xanthone-carbazole 
hybrid system. 
The UV /Vis spectra of the non-N-alkylated angular and linear isomers 5.39, 5.40 
(R = H) have the same shape, and their longest wavelength absorption maxima arc both at 
412 nm (Figure 5.1 0). Interestingly, when hydrogen was replaced by a methyl group, the 
spectrum of the angular isomer 5.42 maintains the same appearance, i.e. broader 
absorption bands, while the linear isomer 5.43 exhibits a rather different spectrum in 
terms of its shape and the position of the longest wavelength maximum (365 nm). In the 
fluorescence spectra, almost no fluorescence was observed for the non-N-alkylated 
xanthone-carbazoles 5.39 and 5.40. Presumably, non-radiative processes may occur at 
the excited states, which suppresses the emission (or decrease the fluorescence quantum 
yield). In contrast, distinct emissions, i.e. green fluorescence (A.max = 522 nm) and blue 
fluorescence (A.max = 482 nm) were observed for the angular isomer 5.42 and the linear 
isomer 5.43, respectively. Replacing the methyl group with longer alkyl chains such as 
ethyl or n-octyl groups did not affect the absorption and emission properties of this series 
of compounds. For example, the angular isomers 5.44 (R = C2H5) and 5.45 (R = n-
Cs!-117) have similar absorption I emission maxima (A.rnax = 412 I 519nm for 5.45 and 522 
nm for 5.44) to those of 5.42 (R = CH3). The linear isomers 5.41 (R = C2H5), 5.46 (R = 
n-CsH1 7) also have similar absorption I emission maxima (A.max = 366 I 485 nm for 5.41 
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and 486 nm for 5.46) to those of 5.43 (A.max = 365 I 482 nm) (Figure 5.11, Table 5.8). The 
36-40 nm red-shift in emission in going from linear to angular isomers indicates that the 
angular isomers tend to have stronger n- n interactions than the linear ones. This feature 
is consistent with the shorter interplanar distances in the X-rays structure of the linear 
5.40 and 5.41 (d = 3.28-3.37 A) in comparison with the angular 5.39 and 5.42 (d = 3.40-
3.43 A) (Figures 5.6- 5.9). The anomalously high intensity in both absorption and 
emission spectra of the linear isomer 5.46 may be due to a stronger transitory induced 
dipole moment (or charge separation) in comparison to those of the other compounds. 
5.42 
1.5 
·~ 1.0 
)( 
X 
5 
...J 
'o 
.s 
w 0.5 
250 300 
OMe 
5.3S R = H 
5.42 R = Me 
- 5.J9· R=H 
- 5.40: R=H 
- 5.42: R= Me 
- 5.43: R=Me 
350 400 450 500 
Wavelength (nm) 
5 
OMe 
5.40 R = H 
5.43 R = Me 
522 
5.43 
- 5.42: R=Me 
- 5.43: R=Me 
400 450 500 550 600 650 700 750 
Wavelength (nm) 
Figure 5.10 Absorption spectra (lefl) and emis ion spectra (right) of xanthone-carbazoles 5.39, 
5.40, 5.42 and 5.43 in CHCI3 (2 x I o-s M). 
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Figure 5.11 Absorption spectra (left) and emission spectra (right) of the angular 5.42, 5.44, 5.45 
(solid lines) and the linear 5.43, 5.41, 5.46 (dotted lines) in CHCb (2 x 10·5 M). 
The reorganization energies (A1) of the linear isomers 5.43, 5.41, 5.46 (At= 3330-
3370 cm- 1) are larger than those of the angular ones 5.42, 5.44, 5.45 (At = 2500- 2560 
cm- 1) as calculated from the Stokes shifts40 (Table 5.8). A tentative interpretation of this 
data is that charge transfer becomes more significant in the linear isomers than in the 
angular ones.41 The HOMO-LUMO energy gaps (Eg) of xanthone-carbazoles 5.39- 5.46 
vary from 2.66 to 3.04 eV. These values are larger than that ofpentacene (1.85 eV),42 but 
within the range (2.65- 3.30 eV) of compounds that exhibit relatively high charge carrier 
mobility (see Chapter 1, page 39, Table 1.2). Unlike methoxyxanthones 1.228 and 1.229 
(Chapter 2) and xanthonoid hetero[5]acenes 4.12-4.14 (Chapter 4), which have weak 
fluorescence (cJ>em ::::: 10-3) (2-phenyl-4-methoxyxanthone 1.228i is an exception: cJ>em = 
0.13), xanthone-carbazole hybrid systems 5.39- 5.46 exhibit moderate fluorescence 
quantum yields ( cJ>em = 0.18- 0.30). 
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Table 5.8 Photophysical data of compounds 5.39- 5.46. 
Comp. 
A(abs) (nm) 
Amax (em) (nm) At (cm-1) 
E9 (eV) Cl>em 
peak I edge ( = 1240 I A edge) 
5.39 412/453 no fluorescence - 2.74 -
5.40 412/453 no fluorescence - 2.74 -
5.42 412/453 522 2560 2.74 0.18 
5.43 365/421 482 3330 2.95 0.26 
5.44 412/467 522 2560 2.66 0.30 
5.41 366/421 486 3370 2.95 0.25 
5.45 412/467 519 2500 2.66 0.26 
5.46 366 I 408 485 3350 3.04 0.27 
The absorption and emission spectra of the parent xanthone-carbazo le systems 
5.42 and 5.43 (R = CH3) were recorded in four different solvents, i.e. cyclohexane, 
diethyl ether, dichloromethane, and acetonitrile (Figure 5.12).43 For the angular isomer 
5.42, the positions of the absorption maxima are almost the same in all four solvents (A.rnax 
= 404-408 nm) . Ilowever, in the fluorescence spectra, red-shifts (36 nm, 28 nm, 3 nm) 
were observed along with the increase of solvent polarity from cyclohexane to diethyl 
ether, dicholoromethanc and acetonitrile, respectively. For the linear isomer 5.43, the 
absorption maxima also spanned a small range (A.rnax = 357- 363 nm): with cyclohexane 
and diethyl ether clustered at one end of the range (A.max = 357 nm), and dichloromethanc 
and acetonitrile clustered at the other (A.max = 362- 363 nm). Although linear isomer 5.43 
exhibited no fluorescence in cyclohexanc, it was fluorescent in the other three solvents, 
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whereupon solvatochromic red-shifts of 25 nm (from ether to dichloromethane) and 10 
nm (from dichloromethane to acetonitrile) were observed (Figure 5.12, Table 5.9). The 
similarity of the magnitude of the red-shifts in the emission maxima observed for both 
angular and linear isomers in the same series of solvents did not support the notion of 
stronger charge transfer in the linear isomer that was suggested by the reorganization 
energies (A.1) . However, the experiment confirmed that xanthone-carbazole hybrid 
systems do have charge transfer absorption bands. 
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Figure 5.12 Absorption spectra (left) and emission spectra (right) of angular 5.42 (solid lines) 
and linear 5.43 (dotted lines) in cyclohexane, diethyl ether, dichloromethane, and 
acetonitrile (4 x 10-5 M). 
Table 5.9 UV!Yis absorption and emission data for 5.42 and 5.43 in different solvents. 
Cyclohexane Et20 CH2CI2 CH3CN 
Comp_ 
Amax(abs) Amax(em) Amax(abs) Amax (em) Amax (abs) Amax(em) Amax (abs) Amax(em) 
5.42 404 444 404 480 408 508 404 511 
5.43 357 - 357 446 363 471 362 481 
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Electrochemical properties. 
The redox behaviour of the newly-synthesized xanthone-carbazole hybrid systems 
was also of interest. Cyclic voltammetry experiments of the angular and linear xanthone-
carbazoles 5.42 and 5.43 (R = CH3) provided some interesting results (Figure 5.13).44 
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0 ····  .. 
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Ep1 =133: 
ECC ' ECC • :cc ·ccc 7CC <(( 
Figure 5.13 Cyclic voltammograms of angular isomer 5.42 (left) and linear isomer 5.43 (right). 
supporting e lectrolyte. Pt wire was used as the counter electrode, g lassy carbon a 
the working electrode, and Ag I AgCI as the reference. E11oMo = - ( 4.4 + Eox onset) 
eV.46 Scan rate: 500 Ys-1 (rt). 
For the angular isomer 5.42, one-electron oxidation (Epa) and one-electron 
reduction (Epc) peaks were observed at 1158 and 1075 mY, respectively. No other redox 
processes were observed within the scan range of 0- 1400 mV. The separation between 
oxidation and reduction peaks of 83 m V (1158 - I 075 m V) and the ratio of peak currents 
(ipa I ipc) of 1.36 rnA (= 0.0420 I 0.0308 rnA) are significantly larger than those for an 
ideal reversible one-electron process (59 m V and 1, respectively).45 In other words, the 
angular isomer 5.42 exhibits quasi-reversible redox behaviour. On the other hand, the 
voltarnmogram of the linear isomer 5.43 contained only a one-electron oxidation peak 
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(Epa) at 1335 mY in the scan range of0- 1600 mY. Thus, this compound has irreversible 
redox behaviour. 
The HOMO energy levels (E11oMo) of 5.42 and 5.43, as evaluated from the 
oxidation onset (Eoxonsc1),46 are - 5.37 and - 5.60 eV, respectively (Table 5.1 0). These 
HOMO levels arc lower than that of pentacene (-4.60 eV)47, pentathiophene 1.184 (- 5.33 
cY)35 and ofindolocarbazole 1.186 (- 5.12 eY),48 indicating a better oxidation stability for 
the xanthone-carbazole hybrid systems. 
As discussed in Chapter 1, three important quantities that typically have an 
inf1uence on the charge carrier mobility of an organic compound arc the rr- rr stacking 
distance (d), the HOMO-LUMO energy gap (Eg), and the HOMO energy levels (£11oMo). 
ln the preceding sections, relevant data obtained for the xanthone-carbazole systems (X-
ray packing motifs, optical properties (UYNis and fluorescence) , and electrochemical 
properties (cyclic voltammctry) have been discussed and compared to data for pentacene 
and some hetero[5]acencs having relatively high charge carrier mobility. A full picture 
of the photophysical and electrochemical data of xanthone-carbazole hybrid systems 
5.41- 5.43, pentacene 1.166 and selected hetero[5]acenes 1.183- 1.186 is presented in 
Table 5.1 0. 
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Table 5.10 Photophysical and electrochemical data for 5.41- 5.43, selected hetero[S]acenes and 
pcntaccne. 
Eox (V) .A(abs) Mobility 
Hetero[5]acenes (nm) EHOMO E9 (eV) ELUMO d (cm2 V"1 peak I peak I (eV) (eV) (A) 
onset 
edge 
s·1 ) 
CH< 
-' -0 N ~ J 1.16 I 412 I 
~ I 1'<:::, -5.37 2.74 -2.63 3.37 -:::,__ 0.97 453 
0 h 
5.42 OMe 
0 
-
~ 1'<:::, ~ ;; 1.341 365 I I -5.60 2.95 -2.65 - -:::,__ 
0 h N 1.20 421 \ 
5.43 OMe CH< 
0 
-
~ I~ ~ ;; 366 I I - - 2.95 - 3.40 :::,__ 
0 ~ N 421 \ 
5.41 OMe C;H! 
~ 1.15 I 369 I 1 x 1 o·2 -5.8 3.3 -2.5 3.52 - 0.96 380 s 
1.1 83 
s s s O:Sl:5Jl 358 I 4.5 X 10"2 -1 1.12 -5.33 3.2 -2.04 3.50 s s 388 
1.184 
R 
I 2.65 
ckd:J 428 I - - (thin - 3.49 0.3x10"2 ,.._ 468 
1.1 85 ~ film) 
iR = r. -ccty ; R 
R 
I 2.80 
ckd:J 415 I 12 x 1 o·2 ,.._ - 10.75 -5.12 (thin 2.3 3.44 
N 442 
1.186 I fi lm) R 
(R = p-octylphenyl) 
cccco h -I 0.64 -I 670 -4.60 1.85 -2.75 6.27 5oo x 1 o·2 
1.166 
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In general, the xanthone-carbazole hybrid systems 5.41- 5.43 fu lfi ll the three 
" requirements" for high charge carrier mobility. Specifically, the interplanar distances in 
the crystal (3.37- 3.40 A) are less than 3.5 A and both the fiOMO-LUMO energy gaps 
(2.7 2.95 cV) and HOMO energy levels (- 5.37, - 5.60 eV) arc similar to those of the 
indicated hctcro[S"jaccnes. Moreover, compounds 5.41- 5.43 are soluble in common 
so lvents, which should facilitate processing and device fabrication. l·urther studi es of 
these compounds in thin films and mcasurmcnt of their charge carrier mobilities w ill be 
conducted in collaboration with other groups. 
Aggregation studies. 
In general, the aggregation of a compound, if it occurs, depends on at least one of 
following conditions: concentration, solvent, and temperature. Thus, to ascertain whether 
or not the xanthone-carbazole systems aggregate in solution, a concentration-dependent 
1 I I NMR (CD b as solvent) experiment was performed using the angular isomer 5.45 (R 
= CsH 17). Temperature- and solvent-dependent experiments were not performed, but 
would be worth including in future investigations. 
A series of spectra were recorded over the concentration range 7.1 x I 0 3 M to 1.4 
x 10 1 M. The data show that the aromatic proton signals (Figure 5. 14) and the protons 
of the methoxy group (Figure 5.15) in 5.45 were almost unchanged at concentrations of 
7. 1 X I o-3 M and 1.4 X I o-2 M, but they shi fted progressively upficld at higher 
concentrations. T he largest total upfield-shifts (from 7.1 X I o-3 M to 7. 1 X 1 o-2 M) were 
observed for the protons on the bottom edge of the molecule, i.e. I Jd (0.040 ppm), ll3 
(0.056 ppm), 116 (0.034 ppm) Hs (0.036 ppm), He (0.030 ppm) and ll(Me) (0.040 ppm) 
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(see the experimental section for t-.8 shifts over whole concentration range, page 367). 
The upfield shifts are consistent with aggregation by n:-stacking (mutual shielding of 
aggregated molecules), but the small magnitude of the shifts and the relatively high 
concentration at which an upfield shift is observed suggest that the degree of aggregation 
is low. 
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Figure 5.14 Aromatic proton shifts in 1H NMR spectra of compound 5.45. 
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Figure 5.15 Proton shifts ofmethoxy group in 11-1 NMR spectra of compound 5.45. 
The observation that the upfield shifts are more pronounced fo r the protons on the 
bottom edge of the molecule indicates that the aggregation motif in solution might 
resemble then-stacking motif observed in the crystal structure of the angu lar isomer 5.42 
(R = CH3) (Figure 5.7 (the X-ray structure)). The offset anti relationship between 
neighbouring molecules (Figure 5.16) places the bottom edge protons of a molecule 
deeper in the shielding zone of a neighbouring molecule than the upper edge protons. 
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H8 0 
Ha 
Figure 5.16 Representative stacking of5.45 baed on aggregation studie . 
Modeling studies. 
One of key characteristics of the xanthone-carbazole hybrid system is its donor-
acceptor nature. This feature is revealed in the HOMO and LUMO maps of 5.42 and 
5.43 (Figure 5.17), which were obtained from DFT calculations (B3L YP/6-
31 G( d)//MMFF).49 For the angular isomer 5.42, the LUMO is completely localized on 
the xanthone unit, whereas for the linear isomer 5.43, it extends slightly to the pyrrole 
ring. For both isomers, the HOMO is localized to the carbazole units. Interestingly, the 
central benzene ring has components in both the HOMO and the LUMO. 
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- 1 57 eV 
Figure 5.17 HOMO and LUMO maps of5.42 (left) and linear isomer 5.43 (right). 
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In summary, the physical properties of non-substituted xanthone-carbazole hybrid 
systems were studied via UV/Vis absorption, emission, fluorescence quantum yield, 
cyclic voltammetry, aggregation, and DFT calculations. All experiments provided useful 
information about the nature of these new hetero[S]acene frameworks. Based upon a 
comparison of the properties of the xanthone-carbazole systems with those of pentacene 
and other hetero[S]acenes that exhibit high charge carrier mobility, these compounds are 
expected to be good candidates for solid studies on their suitability for application in 
OLEOs or OF Ts. 
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5.3.5.2 Physical Properties of Substituted Xanthone-Carbazole Hybrid Systems 
The optical properties of the substituted xanthone-carbazole hybrid systems, 
including the angular isomers 5.52a- f and the linear isomers 5.53b- d ,f, were also 
studied. Their properties were compared with those of the non-substituted xanthone-
carbazoles (parent systems), which were represented by the angular compound 5. 70 (R = 
n-C1ol-b1) and the linear compound 5.56 (R = n-Csl-117). 
All of the substituted angular derivatives 5.52a- f have absorption max ima (Aabs = 
409 21 nm) and emissions (Acm = 508- 538 nm) that arc s imilar to those of the parent 
compound 5.70 (Aabs = 42 1 nm, Ac111 - 519 nm) (l~ i gure 5.18 and Table 5. 11 , Entry 1- 7). 
In comparison to 5. 70, substituted compounds 5.52a- f show very small red-shifts (6- 19 
nm) in Ouorcsccncc, but compound 5.52d, which bears a bromo group on the carbazole 
moiety has blue-shift ( 11 nm) in both its absorption and emission spectra. It can be said 
that the substitucnts (OMe, Br) did not have any major effect on the optical properties of 
the angular xanthone-carbazole framework. 
The substituted linear isomers 5.53b- d ,f behave simi larly to the parent compound 
5.56, except for 5.53c, which bear a methoxy group on carbazole moiety. ln particular, 
compound 5.53c, despite having an identical absorption maximum to the parent 
compound 5.56 (Aabs = 366 nm), exhibits emission at 532 nm, which is 46 nm red-shifted 
in comparison to 5.56 0~-~111 = 485 nm) (Figure 5.19 and Table 5.1 1, Entries 8- 12). 
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Figure 5.18 Absorption (left) and emission (right) spectra of angular isomer 5.52a- f. 
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Figure 5.19 Ab orption (left) and emission (right) spectra of linear isomer 5.53b-d,f. 
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Table 5.11 Photophysical data of substituted compounds 5.52 and 5.53 in comparison with the ir 
parent compound 5.70 and 5.46, respectively. 
Entry Comp. 
A (abs) (nm) 
Amax (em) (nm) At 
E9 (eV) 
cpem 
peak I edge (= 1240 I A edge) 
1 5.70 4211460 519 2240 2.70 0.32 
2 5.52a 4181463 525 2440 2.68 0.25 
3 5.52b 4211475 538 2580 2.61 0.16 
4 5.52c 4211466 528 2410 2.66 0.32 
5 5.52d 4091452 508 2380 2.74 0.18 
6 5.52e 421 I 481 535 2530 2.56 0.16 
7 5.52f 418 I 466 525 2440 2.66 0.05 
8 5.46 366 I 408 485 3350 3.04 0.27 
9 5.53b 370 I 432 497 3450 2.87 0.29 
10 5.53c 366 I 410 532 4260 3.02 0.11 
11 5.53d 366 I 410 474 3110 3.02 0.04 
12 5.53f 369 I 402 486 3260 3.08 0.01 
The reorganization energies (..1.1) and the HOMO-LUMO energy gaps (Eg) of the 
angular iomsers 5.52 are smaller (..1.1 = 241 0- 2580 cm- 1; Eg = 2.56- 2.74 eV) than those of 
the linear ones 5.53 (),1 = 3110-4260 cm- 1; Eg = 2.87- 3.08 eV) (Table 5.1 1). These 
values are similar to those of the unsubstituted xanthone-carbazoles for both isomers. 
Moderate fluorescence quantum yields (C/Jcm = 0.16- 0.32) were observed for most of 
substituted xanthone-carbazoles. Compounds 5.53d, 5.52f, and 5.53f which all have Z = 
Br, exhibit weak fluorescence quantum yields (<Pem = 1- 5 x 10-2). 
283 
Chapter 5 
The introduction of an electron-neutral phenyl group or electron-rich 2-thienyl 
and 1-pyrenyl groups into the xanthone-carbazole frameworks did not affect the 
properties of the systems significantly. For example, these aryl substituted compounds, 
i.e 5.67- 5.69, have absorption maxima ( 415-427 nm) and emission maxima (519- 528 
nm) similar to those of the parent compound 5. 70 (Aabs = 421 nm, Acm = 519 nm). In 
addition, both their reorganization energies (A.1 = 2150-2470) and HOMO-LUMO energy 
gaps (Eg = 2.61-2.70 eV) remain virtually the same as those of 5.70. Moderate quantum 
yields (([>em = 0.24- 0.37) were measured for the series of aryl substituted compounds. 
The dipyrenyl substituted compound 5.69c exhibits the strongest intensity in both its 
absorption and emission (([>em = 0.37) among the xanthone-carbazole systems, with or 
without substituents (Figure 5.20 and Table 5.12). 
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Figure 5.20 Absorption (left) and emission (right) spectra of aryl substituted xanthone-carbazole 
hybrid systems 5.67-5.69. 
284 
Chapter 5 
Table 5.12 Photophy ical data of parent 5. 70 and aryl-substituted compounds 5.67- 5.69. 
Comp. 
.A(abs) (nm) 
A max (em) (nm) At (cm- 1 ) 
E9 (eV) 
<Pam 
peak I edge ( = 1240 I .Aedge) 
5.70 421 1460 519 2240 2.70 0.32 
5.67a 419 I 468 522 2300 2.70 0.33 
5.68a 416 I 469 521 2440 2.65 0.34 
5.69a 421 I 475 526 2280 2.64 0.34 
5.67b 421 I 470 528 2370 2.61 0.28 
5.68b 419 1466 523 2460 2.64 0.24 
5.69b 427 1476 528 2150 2.66 0.27 
5.67c 420 I 468 522 2440 2.61 0.30 
5.68c 415 1470 519 2470 2.65 0.35 
5.69c 420 I 460 521 2270 2.64 0.37 
Density functional theory (OFT) calculations of all of the substituted xanthone-
carbazole hybrid systems were carried out at the B3L YP/6-3 1 G(d)//MMFF level.42 The 
aryl-substituted compounds 5.67- 5.69 have HOMO energy levels (- 5.08 to - 5.22 eV) 
that arc sli ghtly higher than those of the non-substituted ones (- 5. 18 to - 5.48 eV). By 
comparison, the I IOMO energy levels of mcthoxy- or bromo-substituted xanthone-
carbazoles vary from - 5.07 to - 5.73 eV. In all of the xanthone-carbazole compounds, 
with or without substituents, their HOMOs are localized on the carbazole moiety while 
the LUMOs arc li mited to the xanthone moiety. Therefore, the substituents seem to have 
li ttle or no influence on the core properties of the xanthone-carbazole framework. It thus 
appears that there is little interaction between the different n systems. One exception is 
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the dipyrenyl substituted compound 5.69c, the HOMO of which is only on the pyrenyl 
group attached to the carbazole unit, and the LUMO of which is spread over the xanthone 
moiety and the pyrenyl group bonded to it (Figure 5.21 ). This suggests that the pyrcnyl 
group can act as either a donor or acceptor in the molecule, depending on the part of the 
molecule to which it is attached. However, compound 5.69c also has similar optical 
properties to the other members of its family . 
In brief, UV /Vis absorption, fluorescence, and modeling studies were carried out 
for xanthone-carbazole hybrid systems bearing methoxy, bromo, phenyl, 2-thienyl, and 1-
pyrcnyl substitucnts . The studies show most of the substituted angular and linear isomers 
have physical properties simi lar to those of their corresponding parent compounds 5.70 
and 5.56, respectively. Only the linear isomer 5.53c, which bears a methoxy group on 
carbazole moiety, has green fluorescence (Acrn = 532 nm) while its analogs have blue 
Ouorescencc (Acrn = 474-486 nm) . Among the xanthone-carbazole systems, angular 
isomer 5.52c has smallest engery gap (Eg = 2.56 eV) and the dipyrenyl substituted 
compound 5.69c has the greatest Ouorescence quantum yield ( cf>crn = 0.37). A full picture 
ofthe quantum yields of all ofxanthone-carbazoles is presented in Figure 5.22. 
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5.69c 
Figure 5.21 HOMO (left) and LUMO (right) map of 5.69a-c. 
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Figure 5.22 Quantum yields of substituted xanthone-carbazoles and the parent compound 5. 70. 
5.4 Conclusions and Proposal for Future Work 
All objectives I targets of this research, namely the design, synthesis and study of 
the physical properties a new class of hetero[S]acenes (xanthone-carbazole hybrid 
systems) were accomplished. 
First, the approach to the new xanthone-carbazole systems was designed to 
proceed through a 4-methoxyxanthone using the new methodology described in Chapter 
2, which involves an IEDDA-driven domino reaction. The o-nitrophenyl group on the 
xanthone system was the utilized (without the need for any synthetic manipulation) to 
form carbazole unit via a microwave-assisted Cadogan reaction. 
Second, the target structures, including non-substituted xanthone-carbazoles and 
substituted ones, were successfully synthesized in good-to-excellent yields via four or 
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five step sequences. Seven nitrophcnylxanthones were used to produce a family of 24 
new donor-acceptor xanthone-carbazole hybrid systems. As predicted, two constitutional 
isomers, dubbed angular and linear, were obtained from the Cadogan reactions, in which 
the angular isomers are the major products in all cases. In addition, a series of 9 new 
aryl-substituted xanthone-carbazole systems (aryl = phenyl-, 2-thienyl-, and 1-pyrenyl) 
was also obtained in good-to-excellent yields via Suzuki coupling from the corresponding 
bromo-substituted xanthone-carbazole compounds. 
Third, the physical properties of a ll of the newly-synthesized xanthone-carbazole 
compounds were studied using UV/Vis spectroscopy, fluorescence spectroscopy, cyclic 
voltammetry, 1H NMR spectroscopy, and computational methods. On the basis of the 
results , the following conclusions about the new hetero[5]acene frameworks could be 
drawn: (1) all angular isomers have green fluorescence while most of the linear ones have 
blue fluorescence; (2) all xanthonc-carbazoles have relatively small energy gaps (2.56-
3.08 eV); (3) the parent compounds 5.52 and 5.53 (R = CH3) have low-lying HOMO 
levels (- 5.37 to - 5.60 eV), and the others are expected to be similar; (4) most of the 
xanthone-carbazoles exhibit moderate quantum yields (C/Jc111 = 0.16- 0.3 7); (5) all 
substituents investigated little or no influence on the optical properties of the xanthone-
carbazole systems. In addition, X-ray crystallographic analysis showed a small 
intcrplanar distance (3.28- 3.43A) for the parent compounds. In comparison to 
pcntacence and hetero[5]acenes that are known to possess high charge carrier mobilities, 
the properties of the new xanthone-carbazole hybrid systems render them good 
candidates for the investi gation of their suitability for applications in OLEOs and FETs. 
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Future work will focus on the study of the parent compounds in the solid state. 
This wi ll require collaboration with another group and will include the measurment of 
charge carrier mobilities. If good results are obtained, the larger donor-acceptor system 
such as 5.71 (Figure 5.23) will be the next target. 
N 
I 
R2 
5.71 
I Donor I Acceptor I Donor I Acceptor I Donor 
Figure 5.23 Future target struct11re 5.71. 
5.5 Experimental Sect ion 
General methods and instrumentation are identical to those described in Chapter 2 
(Memorial University) and in Chapter 4 (University of Mainz). ln addition, a Shimadzu 
UV -250 I PC instrument and a Perkin- ·!mer LS50B Luminescence pectrometer were 
used for UV /Vis and fluorescene measurements, respectively, at the University ofMainz. 
5.5.1 Ex peri ment Procedurcs50 
6-Methoxy-3-formylchromonc (5.34a)51 
0 
MeO~CHO 
U,) 0 
To a clear solution of 2'-hydroxy-5 ' -methoxyacetophenone (5.35) (4.01 g, 24.1 
mmol) in DMF (19 mL) was added dropwise phosphorus(V) oxychloride (14.7 g, 95.9 
mmol) at 0 °C. The resulting solution was stirred at room temperature for 4 d. The 
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reaction mixture was poured into icc-cold water (400 mL) and vigorously stirred for 30 
min. The yellow precipitate was collected by suction filtration, washed several times 
with H20 and dried in air. The crude product was purified by recrystallization (EtOAc) 
or column chromatography (2:98 Et0Ac:CJ-hCI2) to yield 5.34a (2.82 g, 58%) or (3.91 g, 
80%) respectively, as a yellow solid: R1= 0.41 (35:65 EtOJ\c:hexanes); mp 164-165 a 
(lit. mp52 163- 165 °C); 1H NMR (500 MIIz) 8 I 0.41 (s, I H), 8.53 (s, Ill), 7.65 (d, J = 3.1 
llz, I I I) , 7.48 (d, .I = 9.8 Hz, 1 H), 7.33 (dd, J = 8.8, 3.1 Hz, I I-1), 3.93 (s, I H); 13C NMR 
(125 MHz) 8 189.0 176.1 , 160.4, 158.2, 151.2, 126.4, 124.7, 120.2, 119.9, 105.7, 56.3; 
MS [APCT (+)J m/z (%) 205 ([M+IIf, I 00). 
6-Bromo-3-formylchromonc (5.34b)51 
0 
Br~CHO 
U,) 0 
To a clear solution of 5'-bromo-2'-hydroxyacetophenonc (5.35b) (7.53 g, 35.2 
mmol) in DMf (28 mL) was added dropwisc phosphoms(V) oxychloride (2 1.5 g, 140 
mmol) at 0 °C. The resulting solution was stirred at room temperature for 4 d. The 
reaction mixture was poured into ice-cold water ( 400 mL) and vigorously stirred for 30 
min. The yellow precipitate was collected by suction filtration washed several times 
wi th H20 and dried in air. The crude product was purified by recrystallization (EtOI-I) or 
column chromatography (2:98 EtOJ\c: I I2CI2) to yield dienc 5.34b (5 .'84 g, 66%) or 
(7.77 g, 88%), respectively, as a yellow solid: ry - 0.39 (35:65 EtOJ\c:hcxancs)· mp 191 -
192 oc (lit. mp53 190- 193 °C); 11 I MR (500 MI-Iz) 8 10.37 (s, I I 1), 8.54 (s, I H), 8.42 
13 (d, J = 2.3 liz, Ill), 7.84 (dd, J = 8.8, 2.7 liz, I H). 7.45 (d, J = 8.8 li z, I H); C MR 
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(125 MHz) o 188.3, 174.9, 160.8, 155.2, 138.0, 129.1, 126.9, 120.7, 120.6, 120.57; MS 
IAPCI (+)] mlz (%) 255 (81 Br, [M+ lfj' , 100), 253 ( 9Br, [M+ H]'·, 85). 
3-(5-Mcthoxy-2-nitrophcnyl)-2-oxopropanoic acid (5.49)26·54 
2-(5-Mcthoxy-2-nitrophcnyl)acctic acid (5.33a)26·54 
q AE 
HOOC~ 
5.49 NO; 
OMe 
HOOC~ 
5.JJa NO; 
To a clear solution of 3-methyl-4-nitroanisole 5.47 (3.02 g 18.1 mmol) and 
diethyl o alate 5.48 (5 .26 g, 36.0 mmol) in toluene (5 mL), at 0 oc was added dropwise 
a potassium ethoxide solution prepared from potassium (1.41 g, 36.1 mmol) and EtOH (6 
mL) in Et20 (20 mL). The resulting red solution was stirred at below I 0 oc for 3 h, then 
heated at 40 50 oc for a further 2 h. The dark purple precipitate was collected by suction 
filtration and washed with Et20. The olids were dissolved in water ( I 00 mL), and 
aqueous 2M aOII ( 10 mL) was added to give a red solution, which was washed again 
with Et20. The solution was acidified with aqueous 6 M HCl (pi I = 1-2) and extracted 
with CH2Cl2. The organic layer was dried over MgS04 and fi ltered. The solvent was 
removed under reduced pressure to afford crude 5.49 (4.24 g) as a yellow solid, which 
was used in the next step without further purification. 
To a red solution of crude 5.49 (4.24 g) in 0.5 M aOH (40 mL) was added H20 2 
(I 0%) at 0 °C until a persistent yellow color was obtained. The resulting yellow mixture 
was stirred at 0 oc for 30 min and acidified with 6 M HCl solution. The precipitates were 
collected by suction filtration, washed with I 120 , and dried in air. The crude product was 
292 
Chapter 5 
purified by recrystall ization (EtO/\c) to yield 5.33a (3 .28 g, 86%) as light yellow 
crystals: mp 177- 178 ac (EtOAc) (Lit. mp54 177 oc (EtOH I I-120)) ; 11-J NMR (500 
MI-Iz, DMSO) 8 12.50 (s, !H), 8.15 (d, .J = 8.6 Hz, 1H), 7.12 (d, J = 3.2 Hz, !H), 7.07 
(dd, .J = 9.1 , 2.3 liz, I H), 3.99 (s, 2H), 3.88 (s, 3H); 13C MR ( 125 MHz DMSO) 8 
171.2, 163. 1, 141.4, 133.8, 127.6, 118.8, 11 3.2, 56.1 (CH2 signal is overlap with solvent 
peaks); MS l 1\PCI (-)J mlz (%) 166 (lM - COOHr, I 00). 
3-(4-Bromo-2-nitrophcnyl)-2-oxopropanoic acid (5.51)26•5" 
2-(4-Bromo-2-nitrophcnyl)acetic acid (5.33b)26·54 
{YBr 
HOOC~ 
5.33b NO; 
To a clear solution of 4-bromo-1-methyl-2-nitrobenzcnc (5.50) ( 1.0 I g, 4.67 
mmol) and diethyl oxalate (1 .35 g 9.26 mmol) in toluene (5 mL) at 0 °C was added 
dropwise a potassium ethoxide solution prepared from potassium (360 mg, 9.26 mmol) 
and EtOll (3 mL) in Et20 (15 mL). The resu lting red so lution was stirred at below I 0 ac 
for 3 h and then heated at ~0-50 °C for a further 2 h. The resulting dark purple 
precipitate was collected by suction filtration and washed with Et20. The so lids were 
dissolved in water (100 mL), and aqueous 2M NaOH (10 mL) was added to give a red 
solution, which was washed again with Et20. The solution was acid ified with aqueous 6 
M HCI (pi I = 1-2) and extracted with CI I2C I2. '[he organic layer was dried over MgS04 
and filtered . The solvent was removed under reduced pressure to afford crude 5.51 ( 1.11 
g) as a yellow solid, which was used in the next step without further purification. 
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To a red solution of crude 5.51 (1.1 1 g) in aqueous 0.5 M NaOH (20 mL) was 
added I 120 2 ( I 0%) at 0 oc until a yellow co lor persisted. The resulting yellow mixture 
was stirred at 0 oc for 30 min and acidified with aqueous 6 M I !Cl. The precipitate was 
collected by suction filtration, washed with 1-hO, and dried in air. The crude product was 
purified by column chromatography (50:50 Et0Ac:CH2Ch) to yield 5.33b (870 mg, 74% 
for two steps) as a light yellow solid: mp 167- 168 oc (Lit. mp26a: not reported); 1H NMR 
(500 MI-lz, DMSO) 8 12.63 (s, I H), 8.26 (d, J = 2.6 Hz, lH), 7.94 (dd, J = 8.2, 2.1 li z, 
I H), 7.52 (d, J = 8.3 Hz, 1 H), 3.98 (s, 211); 13C NMR (125 MHz, DMSO) 8 170.9, 149.3, 
136.4, 135.3 , 129.8, 127.2, 120.3, 38.3; MS rAPCI (-)] m/z (%) 214 (I_M- COOl-If, 100). 
General procedure for synthesis of dienes (5.32a- f) 
A m ixture of the 3-formylchromone derivatives (1.0 cquiv.), the o-
nitrophcnylacctic acid derivative ( 1.1- 1.5 equiv.), and potassium tert-butoxide (95%, 1.0 
cquiv.) in anhydrous pyridine (20 mL) was heated at reOux until the 3-formylchromonc 
was consumed completely (tic analysis). The reaction mixture was cooled to room 
temperature, poured into ice-cold water, and acidified with aqueous 6 M I-ICl (pH = 1-2). 
The precipitate was collected by suction fi ltration, washed several times with 1-bO, and 
dried in air. In case the particles were very small, the aqueous solution was extracted 
with EtO/\c, dried over MgS04, filtered , and concentrated. The crude product was 
purified by column chromatography to yield the desired diencs 5.32a- f as yellow solids. 
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(E)-3-(2-Nitrosty ryi)-4JJ-chromcn-4-onc (5.37) 
0 
NO; 
A mixture of 3-formylchromone 2.19 (383 mg, 2.20 mmol), o-nitrophenylacetic 
acid (5.36) (597 mg, 3.30 mmol), and potassium tert-butoxide (246 mg, 2.19 mmol) in 
anhydrous pyridine (20 mL) was heated at reOux for 24 h and worked up according to the 
genera l procedure. Column chromatography (2:98 Et0Ac:CH2 h) of the crude product 
yielded 5.37 (551 mg, 85%) as a yellow solid: R1 = 0.55 (2:98 Et0Ac:CH2Ch); mp 188-
189 oc (lit. mp5- 194- 195 °C); 111 MR (500 MI-Iz) o 8.30 (dd, J = 8.1, 1.5 Hz, 1 H), 
8.2 1 (s, 11 l), 7.97 (dd, J = 8.3, 1.2 I lz, 1 I 1), 7.90 (d, J = 16. 1 I lz, 1 H) 7.78 (d J = 7.5 I lz, 
I H), 7.70 (td, J = 6.9, 1.6 Hz, 11 !), 7.62 (t, J = 7.5 Hz, 1 H), 7.49 (d, J = 8.0 1-lz, 11 1), 
7.4 7.41 (m, 2H), 7.07 (d, J = 16.7 liz, 111); 13C MR (125 Mllz) o 176.5, 156.2, 
153.6, 148.2, 134.0 133.4, 133.3, 128.7, 128.4, 126.5, 126.2, 125.7, 124.9, 124.2, 12 1.8. 
118.4 (one signal fewer than expected); MS IAPCI (+)] m/z (%) 294 (M 1 100). 
(E)-6-Mcthoxy-3-(2-nitrostyryi)-4/J-chromcn-4-onc (5.32a) 
I\ mixture of 6-methoxy-3-formylchromone 5.34a (257 mg, 1.26 mmol) o-
nitrophenylacetic acid (342 mg, 1.89 mmol), and potass ium /ert-butoxide (149 mg, 1.26 
mmol) in anhydrous pyridine (20 mL) was heated at reflux for 1.75 h and worked up 
according to the general procedure . Column chromatography (20:80 EtOAc:hexanes) 
yielded 5.32a (336 mg, 83%) as a yellow solid : R1 = 0.44 (35 :65 EtOAc:hexanes); mp 
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152- 153 °C; IR v 3069 (w), 2929 (w), 2845 (w), 1647 (s), 1624 (s), 1600 (s), 1572 (m) 
15 12 (s), 1484 (s), 1450 (s), 1356 (s), 132 1 (s), 1279 (s), 11 92 (s), 11 42 (s), 1029 (s), 954 
(s), 811 (s), 777 (s), 733 (s), 7 11 (s) (cm-1) ; 111 MR (500 MI!z) 8 8.19 (s, 11-I), 7.97 (dd, 
J = 8.3 , 0.8 Hz I II) 7.93 (d, J = 16.8 liz, Ill), 7.79 (d, J = 8.4 liz, Ill), 7.65 (d, J = 3.0 
Hz, I H), 7.62 (t, J = 7.4 Hz, I H), 7.44- 7.40 (m, 2II), 7.28 (dd, J = 8.9, 3.2 liz, Ill), 7.07 
(d, 16.6 Hz, l H), 3.92 (s, 3H); 13C NMR ( 125 MI-Iz) 8 176.3, 157.4, 153.5, 151.1 , 148.2, 
133.35, 133.31 , 128 .7, 128.4, 126.0, 124.9, 124.88, 124.4, 124. 1, 120.9, 119.8, 105.5, 
56.2; MS IAPCI (+) I m/z (%) 324 (M~, 100); HRMS lEI (+)] calcd for C 1sH 13 0 5 
323.0794, found 323.0797. 
(E)-6-Bromo-3-(2-nitrostyryl)-4JJ-chromcn-4-onc (5.32b) 
A mixture of 6-bromo-3-formylchromone 5.34b (557 mg, 2.20 mmol), o-
nitrophenylacetic acid (598 mg, 3.30 mmol), and potassium /ert-butoxide (260 mg, 2.19 
mmol) in anhydrous pyridine (20 mL) was heated at reflux for 3 h and worked up 
accord ing to the general procedure. Column chromatography (I 0:90 ~ tOAc : hexanes) 
yielded 5.32b (647 mg, 79%) as a yellow solid: JY = 0.65 (35:65 EtO/\c:hexancs); mp 
232- 233 °C; IR v 3000 (w), 2943 (m), 2863 (m), 1627 (s), 1596 ( ), 14 75 (m), 1463 (m), 
1450(s), 1436(s), 1390(m), 1358 (m), 1269(s), 1217(m), 1166 (s), 1038(s), 1010(s), 
976 (m), 878 (s), 804 (s), 774 (s), 763 (s), 752 (s), 703 (s) (cm-1); 111 MR (500 MHz) 8 
8.42 (d, J = 1.8 I Iz, III), 8.20 (s, 111), 7.99 (dd, J = 8.2, 1.1 I lz 1 H), 7.88 (d, J = 16.0 
l iz, I II), 7. 77 (dd, J = 9.0 Hz, 11 I), 7.62 (t, .J = 7.3 Hz, 1 H), 7.45- 7.42 (m, I H), 7.39 (d, J 
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= 8.5 l-Iz, IH), 7.04 (d, J = 15.9 Hz, 1H); 13C NMR (125 MHz) 8 175.2, 155.0, 153.5, 
148.2, 137.0, 133.5, 133.1 , 129.1, 128.8, 128.6, 126.8, 125.5, 125.0, 123.7, 122.0, 120.3, 
119.2; MS [APCI (+)] mlz (%) 374 (81Br, M+, 100), 372 ( 9Br, M+, 97); 1--IRMS [El (+)] 
calcd for C17H1oBrN04 370.9793, found 372.9785 (81 Br , 98), 370.9798 ( 9Br, 1 00). 
(E)-3-(5-mcthoxy-2-nitrostyryl)-41/-chromcn-4-onc (5.32c) 
OMe 
0 
NO; 
A mixture of 3-formylchromone (2.19) (22 1 mg, 1.27 mmol), 5-methoxy-2-
nitrophenylacetic acid (5.33a) (304 mg, 1.44 mmol), and potassium tert-butoxide ( 150 
mg, 1.27 mmol) in anhydrous pyridine (20 mL) was heated at reflux for 3 h and worked 
up according to the general procedure. Column chromatography ( 1 :99 EtOAc:CI-bCh) 
yielded 5.32c (361 mg, 88%) as a yellow solid: R;= 0.39 (I :99 EtOAc:CI-hC12); mp 158-
159 oc; IR v 3087 (w), 3050 (w), 2947 (w), 2842 (w), 1649 (s), 1634 (s), 1606 (s), 1574 
(s), 1562 (s), I505 (s), 1463 (s), 1349 (s), 1319 (s), 1296 (s), 1198 (s), 1165 (s), 1033 (s), 
964 (m), 815 (m), 752 (s) (cm-1); 1I-I NMR (500 MHz) 8 8.30 (dd, J = 8.3 , 1.5 Hz, I H), 
8.24 (s, I H), 8.09 (d, J = 9.4 Hz, 1 H), 7.97 (d, J = 16.0 Hz, I H), 7.72- 7.68 (m, 11-I), 7.50 
(d, J = 8.8 l-Iz, I H), 7.45 (t, J = 7.6 Hz, 1H), 7. I6 (d, J = 3.4 Hz, I H), 7.04 (d, J = 15.7 
I Iz, I H), 6.89 (dd, J = 9.6, 2.5 Hz, I H), 3.95 (s, 3H); 13C NMR (125 MHz) 8 176.5, 
163.5, 156.3, 153.4, 141.2, 136.5, I34.0, I27.8, 127.4, 126.5, 125.7, 124.3, 123.9, 121.9, 
118.4, 113 .9, 113.3, 56.2; MS [APCI (+)] mlz (%) 324 (M+, I 00); HRMS [CI (+)] calcd 
for C 1sl-l 13N0 5+I-r+ 324.0872, found 324.0864. 
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(E)-3-(4-bromo-2-nitrostyryi)-4H-chromcn-4-onc (5.32d) 
A mixture of 3-formylchromone 2.19 (221 mg, 1.27 mmol), 4-bromo-2-
nitrophenylacetic acid (5.33a) (354 mg, 1.44 mmol), and potassium tert-butoxide (150 
mg, 1.27 mmol) in anhydrous pyridine (20 mL) was heated at reflux for 1.5 h and worked 
up according to the general procedure. Column chromatography (1:99 Et0Ac:Cll2CI2) 
yielded 5.32d (365 m g, 78%) as a yellow so lid: JY = 0 .56 (I :99 EtOJ\c:CII2CI2); mp 173-
174 oc; IR v 3092 (w), 3031 (w), 2970 (w), 2848 (w), 1738 (s), 1726 (m), 1653 (s), 1627 
(w), 1614 (m), 1573 (w), 1550 (m), 1516 (s) 1463 (s), 1341 (s), 1217 (s), 1180 (m), 1141 
(m), 1031 (w), 965 (m), 848 (m), 771 (s), 755 (s), 693 (s) (cm-1) ; 111 NMR (500 MHz) () 
8.30 (dd, J = 8.2, l.61lz, 1H), 8.20 (s, !If), 8.12 (d, J = 2.0 liz, !H), 7.88 (d, J = 16.8 Ilz, 
II I) , 7.74- 7.68 (m, 21 £), 7.65 (d, J = 7.7 liz, II I), 7.49 (d, J = 9. 1 liz, II f) , 7.47- 7.43 (m, 
III), 7.05 (d, J = 15 .6 11z, lH); 13C MR (125 MHz) 8 176.4 156. 1, 153 .9, 148.3 136.4, 
134.1 , 132.2, 129.9, 127.9, 126.6, 125 .8 125.3, 125.0, 124.2, 121.5, 118.4 (one signal 
fewer than expected); MS [APCI (+}I m/z (%) 374 (81 Br, M f-, 100), 372 C9 Br, M+, 88); 
HRMS lE I ( t-)1 calcd for C 17H1 o79Br 0 4 370.9793, found 372.9780 (81 Br, 98), 370.9800 
C9 Br, I 00). 
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(£)-6-Mcthoxy-3-(5-mcthoxy-2-nitrostyryl)-4/1-chromcn-4-onc (5.32c) 
OMe 
A mixture of 6-methoxy-3-formylchromone (5.34a) (259 mg, I .27 mmol) 4-
methoxy-2-nitrophenylacetic acid (5.33a) (304 mg, 1.44 mmol), and potassium /ert-
butoxide (150 mg, 1.27 mmol) in anhydrous pyridine (20 mL) was heated at reflux for 
2.5 hand worked up according to the general procedure. Column chromatography (I :99 
EtOAc:CI hCh) yielded 5.32c (384 mg, 86%) as a yellow solid: R1 = 0.39 (2:98 
EtOAc:CI I2Ch); mp 18 185 oc; IR v 2960 (w), 284 1 (w), 1651 (s), 1614 (m), 1606 (m), 
1572 (s), 1503 (s), 1482 (s), 1442 (s), 1346 (s), 1331 (s), 1297 (s), 128 1 (s), 1204 (s), 
I 189 (m), 1146 (m), 1084 (s), 1028 (s), 955 (m), 870 (m), 818 (s), 75 1 (m), 708 (s) (em· 
1); 111 NMR (500 Mllz) 8 8.21 (s, lfl), 8.08 (d, .J = 8.5 liz, Ill), 8.00 (d, .J = 16.3 liz, 
II I), 7.64 (d, .J = 2.6 Hz, I H), 7.43 (d, .J = 9.2 Hz, 1 H), 7.28 (dd, .I = 8.9, 3.7 Hz, II!), 
7. 15 (d,./ - 3.3 1Iz, III), 7.03 (d,.J = 16.2 Hz, 11-1), 6.89 (dd, .J = 8.9, 2.8 I-lz, 111), 3.94 (s, 
JH), 3.92 (s, 31!) ; 13C NMR (125 Mllz) 8 176.3, 163.5, I 57.4, I 53.4, I 5 1.0, 141.1 , 136.5 
127.8, 127.2, 124.8, 124.1 (2C), 120.9, 119.8, 113 .8, 113.2, 105.4, 56.2, 56.17; MS 
IAPCI (+)I m/z (%) 354 (M+, 100); IIRM lEI(+)) calcd for C 19ll 15 0 6 353.0899, found 
353.0897 . . 
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(E)-6-Bromo-3-(4-bromo-2-nitrostyryi)-4H-chromcn-4-onc (5.32f) 
1\ mixture of 6-bromo-3-formylchromone (5.34b) (321 mg 1.27 mmol), 4-
bromo-2-ni trophenylacetic acid (5.33b) (354 mg, 1.44 mmol), and potassium tert-
butox ide ( 150 mg, 1.27 mmol) in anhydrous pyridine (20 m L) was heated at refl ux for 
1.0 h and worked up according to the general procedure. Column chromatography (2:98 
Et0/\c:C1 12Ch) yielded 5.32f (448 mg, 78%) as a yellow solid: R1 = 0.57 (2:98 
EtOAc:CJ-12Cl2); mp 273- 274 oc; IR v 3086 (w), 3053 (w), 2848 (w), 1645 (s), 1620 (m), 
1605 (m), 1558 (m), 1547 (s), 1516 (s), 1463 (s), 1437 (s), 1337 (s), 1252 (s), 1163 (s), 
11 27 (s), 1062 (m), 977 (s), 837 (s), 787 (s), 75 8 (s), 723 (s) (em-'); 111 NMR (500 MHz) 
8 8.42 (d, J = 2.8 liz, I H), 8.19 (s, I ll), 8. 13 (d, J = 1.9 Hz, II 1), 7.86 (d, .J = 16.0 I lz, 
I H), 7.78 (dd, .J = 8.7, 2.7 Hz I H), 7.74 (dd J = 8.4, 1.9 Hz, Ill), 7.64 (d, .J = 7.8 I !z, 
I H), 7.39 (d, J = 8.7 llz, !H), 7.02 (d, J = 16. 1 Hz, I ll); 13C MR (150 MHz, {111} 
CPMAS (cross-polarization under magic angle spinning), using I 00 kH z of 1 H 
decoupling and 62.5 kllz for the l lartmann- ll ahn matching condition. T he spectrum was 
co llected at room temperature (298 K) with a spinning rate u = 20kHz and 10240 scans) 
8 174.4, 157.7, 153.8 146.6, 138.0, 136.9, 135.4, 134.2, 13 1.0, 127.2 126.3, 122.1 119.1 
(four s ignals fewer than expected); MS lAPCl (+)] rn/z (%) 454 (81 Br2, M+, 48%), 452 
( 9Br81 Br, M ', 100), 450 ( 9Br2, M l-, 51%); liRMS [CI (+)J calcd for c ,7Il9Br2N04 II ' 
449.8877, fo und 449.8978. 
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General procedure for synthesis of 4-methoxy-2-o-nitrophenylxanthones (5.31a- f) 
A mixture of aqueous 60% dimethoxyacetaldehyde (0.90 mL, I 0 mmol) and 
pyrrolidine (0.83 mL, I 0 mmol) in benzene (30 mL) was heated at reflux with a Barrett 
apparatus for 3 h. The freshly prepared solution of 1-(2,2-dimethoxyvinyl)pyrrolidine 
(ca. 0.2 M, I 0 equiv.) was cooled to room temperature and the diene (1.0 equiv.) was 
added in one portion as a solid. The resulting orange mixture was heated at reflux until 
the diene was consumed completely (tic analysis). The reaction mixture was cooled to 
room temperature and the solvent was removed under reduced pressure. The residue was 
dissolved in CI-hCh, washed with aqueous I M HCl (2 x 20 mL), dried over MgS04 , and 
filtered. The solvent was removed under reduced pressure and the residue was purified 
by column chromatography to yield the desired xanthones 5.31a- f. 
4-Methoxy-2-(2-nitrophenyi)-9H-xanthene-9-one (5.38) 
OME 
A mixture of freshly prepared enamine 1.225 (ca. 80.0 mmol) and diene 5.37 
(2.55 g, 8.69 mmol) was heated at reflux for 44 h and worked up according to the general 
procedure. Column chromatography (Cl-lzCh) yielded xanthone 5.38 (2.44 g, 81 %) as a 
yellow solid: R1 = 0.45 (CH2Clz); mp 184- 185 oc; IR v 1656 (s), 1569 (s), 1514 (s), 
1465 (s), 1374 (s), 1342 (s), 1322 (s), 1217 (s), 1092 (s), 887 (m), 784 (m), 765 (s) (cm-
1); 1H NMR (500 MHz), 8 8.35 (dd, J = 7.6, 1.8 Hz, I H), 7.95 (d, J = 8.5 Hz, I 1 I), 7.90 
(d, J = 18Hz, I H), 7.87- 7.75 (m, I H), 7.69- 7.64 (m, 2H), 7.55 (t, J = 7.4 Ilz, 2H), 7.42 
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I " (t,J = 7.5 Hz, III); 7.14 (d,J = 2.0 liz, Ill), 4.03 (s, 3H); "'C MR (125 MHz) o 177.0, 
156.2, 149.0, 146.8, 135.5, 135.2, 133.3 , 132.9, 132.5, 129.0, 126.9, 124.6, 123.0, 122.0, 
118.6, 117.2, 115.3 , 56.8; MS [APCI (+)l mlz (%) 348 (M+, I 00); HRMS [EI (+)] calcd 
for C2oH 13 0 5 347.0794, found 347.0787. 
4, 7-Dimcthoxy-2-(2-nitrophcnyl)-9/J-xanthcnc-9-onc (5.31 a) 
OMe 
A mixture of freshly prepared cnamine 1.225 (ca. I 0.0 mmol) and dicne 5.32a 
(323 mg, 1.00 mmol) was heated at rcOux for 20 h and worked up according to the 
general procedure. Column chromatography (30:70 EtOJ\c:hcxancs) yielded xanthone 
5.31a (280 mg, 74%) as a yellow solid: R:/ = 0.21 (35 :65 EtOJ\c:hexanes); mp 219- 220 
oc; lR v 3069 (w), 30 19 (w), 2928 (w) 285 1 (w), 1644 (s), 1617 (m) 160 I (m), 1569 
(m), 1520 (s), 1477 (s), 1437 (s), 1355 (s), 1289 (s), 1206 (s), 1157 (s), 1017 (s), 997 (s), 
866 (s), 834 (s), 785 (s), 751 (s) (cm-1) ; 111 MR (500 MI-lz), o 7.95 (d, J = 8.3 Hz, Ill), 
7.90 (d,.! = 1.1 liz, 1 H), 7.71 (d, J = 3.3 Hz, I I 1), 7.67 (t, J = 7.5 liz, Ill), 7.59 (d, J = 
8.3 liz, I H), 7.56- 7.53 (m, 2H), 7.36 (dd, J = 9.6 liz, 3.1 llz, Ill); 7.12 (d, J = 1.2 11z, 
I H), 4.02 (s, 311), 3.93 (s, 3H); 13C MR ( 125 MH.z) o 176.9 156.5, 151.0, 149.3, 149.0, 
146.7, 135.6, 133 .1, 132.8, 132.5, 128.9, 125.3, 124.5 , 122.29, 122.26, 120.0, 117.2, 
11 5.0, I 05.9, 56.8, 56.2; MS [APCI (+)I m/z (%) 378 (M+, I 00); fiRMS lEI (+)] calcd for 
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7-Bromo-4-mcthoxy-2-(2-nitrophcnyi)-9H-xanthcne-9-onc (5.31 b) 
OMe 
A mixture of freshly prepared enamine 1.225 (ca. 9.60 mmol) and diene 5.32b 
(357 mg, 960 ).!mol) was heated at renux for 20 h and worked up according to the general 
procedure. Column chromatography (20: 80 EtOAc:hexanes) yielded xanthone 5.31b 
(402 mg, 9S%) as a yellow solid: R1= 0.65 (35:65 EtOAe: hexanes); mp 262- 263 oc ; lR v 
3086 (w), 2943 (w), 1663 (s), 1618 (m), 1595 (m), 1567 (m), 1514 (s), 1495 (s), 1464 (s) 
1446(s), 1350(s), 1312(s), 1279(s), 1262(s), 12 14 (s), 1092(s) 869(m), 826(s), 785 
(s), 766 (s) (em-1); 111 NMR (500 Ml lz), 8 8.47 (d, J = 2. 1 1-l z, Ill ), 7.97 (d, J = 8.2 liz, 
I H), 7.88 (d, J - 2.0 li z, III), 7.84 (dd, J = 8.7 li z, 2.7 Hz, I I I) , 7.69 (t, .J = 7.5 Hz, Ill), 
7.58- 7.53 (m, 311), 7. 15 (d, J = 2.2 liz, Ill); 4.02 (s, 3H); 13C MR (125 MHz) 8 175.8, 
155.0, 149.2, 149.0, 146.6, 138.1 , 135.4 133.8, 132.9, 132.4, 129.4, 129.1, 124.6, 123 .2, 
122.6, 120.6, 11 7.8, 11 7.2, 115.6, 56.8; MS I PCI (+)] m/z (%) 426 ( 913r, M+, I 00), 428 
( 81 Br, M .. , 89); IJRMS lEI (+)) calcd for C2oll 1/ 9BrN05 424.9899, found 424.9897. 
4-Mcthoxy-2-(5-mcthoxy-2-nitrophcnyl)-9/J-xanthcnc-9-onc (5.32c) 
OMe 
OMe 
A mixture of freshly prepared cnamine 1.225 (ca. I 0.0 mmol) and diene 5.31 c 
(29 1 mg, 900 )..liTiol) was heated at reOux for 2.5 h and worked up according to the 
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general procedure. Column chromatography (CI-hCh) yielded xanthone 5.32c (327 mg, 
96%) as a yellow solid: RJ = 0.41 (I :99 EtOAc: CH2Ch); mp 222- 223 oc ; IR v 3086 
(w), 2944 (w), 2841 (w), 1667 (m), 1657 (s), 1608 (s), 1597 (s) 1582 (s), 1572 (s), 1496 
(s), 1468 (s), 1327 (s), 1268 (s), 1253 (s), 1102 (m), 1091 (m) 1018 (m), 984 (s), 865 (s), 
762 (s) (cm-1); 11 I MR (500 Ml Iz), o 8.36 (dd, J = 8.1 Hz, 1.6 Ilz, Ill), 8.08 (d, J = 8.4 
Hz, I H), 7 .88 (d , .! = 2.4 Hz, I H), 7 .78- 7.75 (m, I H), 7.65 (d , J = 8.4 Hz, I H), 7.42 (t, J 
= 7.5 liz, Ill), 7.12 (d, J = 1.9 Hz, Ill); 6.99 (dd, J = 9.3 llz, 3.0 liz, Ill), 6.93 (d, .J = 2.2 
liz, III), 4.02 (s, 311), 3.94 (s, 3II); 13C MR (125 MI-Iz) o 177.1 163.0, 156.2, 148.8, 
146.7, 141.9, 138.6, 135.2, 134.2, 127.6, 126.9, 124.6, 122.9, 122.0 118.6, 117.4, 116.9. 
115.5, 114.0, 56.9, 56.3; MS [APCI (+)] m/z (%) 378 (M+, 100); IIRMS lEI (+)l calcd for 
C2tHt sN06 377.0899, found 377.0896. 
4-Mcthoxy-2-( 4-bromo-2-nitrophcnyl)-9//-xanthcne-9-onc (5.31 d) 
OMe 
A mixture of freshly prepared enamine 1.225 (ca. I 0.0 mmol) and diene 5.32d 
(335 mg, 900 J-Lmol) was heated at reflux for 2 h and worked up accord ing to the general 
procedure. Column chromatography (Cl-12Ch) yielded xanthone 5.3ld (329 mg, 86%) as 
a yellow solid: RJ = 0.30 (CI-hCI2); mp 254- 255 °C; IR v 3095 (w), 2997 (w), 2942 (w), 
2840 (w), 1657 (s), 1612 (s), 1594 (s), 1572 (w), 1553 (m), 152 1 (s), 1495 (s), 1464 (s), 
1440 (s), 1372 (s), 1340 (s), 1322 (s), 1296 (s), 1273 (s), 1216 (s), 1182 (s), 11 46 (s), 
I 093 (s), 983 ( ), 875 (s), 839 (s), 758 (s) (cm-1); 11-I MR (500 Mllz), o 8.35 (dd, J = 8.3 
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Hz, 1.7l-Iz, 111), 8.09 (d, J = 2.1 Hz, Ill), 7.87 (d,J = 2.1 Hz, III), 7.81 - 7.75 (m, 2ll) 
7.64 (d, J = 8.5 Hz, 1 H), 7.43- 7.41 (m, 2H), 7.09 (d, J = 2.0 Ilz, I H); 4.02 (s, 3H); 13C 
NMR (125 MHz) 8 176.9, 156.1, 149.5, 149.1 , 146.9, 135 .9, 135.3, 134.4, 133.7, 132.2, 
127.5 , 126.9, 124.7, 123 .0, 122.2, 121.9, 118.6, 117.2, 115.0, 56.9; MS [APCI (+)] ml::. 
(%) 428 (81 Br, M-t , 85), 426 ( 9Br, M-t, 100); HRMS [EI (+)I calcd for C20H1/ 9Br 0 5 
424.9899, found 424.9904. 
4, 7 -Dimcthoxy-2-(5-mcthox~-2-nitrophcny 1)-9 H-xanthcnc-9-onc (5.32c) 
OMe 
OMe 
A mixture of freshly prepared enamine 1.225 (ca. 10.0 mmol) and diene 5.3lc 
(353 mg, 1.00 mmol) was heated at reOux for 3.5 h and worked up according to the 
general procedure. Column chromatography (I :99 Et0Ac:CI12 12) yielded xanthone 
5.32c (333 mg, 82%) as a yellow solid : R; = 0.47 (2:98 EtOAc: I l2CI2) ; mp 272- 273 
oc; IR v 3068 (w), 2996 (w), 2955 (w), 2839 (w), 1652 (s), 1615 (s), 1570 (s), 1509 (s), 
1477 (s), 1449 (s), 1336 (s), 13 11 (s), 1294 (s), 1273 (s), 1243 (s), 1208 (s), 11 54 (s), 
1106 (s), 1026 (s), 936 (m), 868 (s), 818 (s), 787 (s), 732 (s) (cm-1) ; 111 MR (500 Mllz), 
8 8.08 (d, .J = 9.6 I lz, I I 1), 7.99 (s, III), 7.7 1 (d, J = 2.5 Hz, I I 1), 7.59 (d, J = 9.6 Hz, Ill), 
7.37 (dd , J = 9.1 , 2.8 Hz, I H), 7.0 I (s, II 1), 6.99 (d, J = 8.9 li z, I I I) ; 6.94 (d, J = 1.9 Jlz, 
I H), 4 .02 (s, 3 11), 3.94 (s, 6H); 13C NMR (125 MHz) 8 176.9, 162.9, 156.5, 15 1.0, 148.8, 
146.7, 141.9, 138.7, 134.0, 127.5, 125.3, 122.3 , 122.2, 120.0, 117.4, 116.8, 11 5. 1, 114.0, 
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106.0, 56.8, 56.3, 56.2; MS [APCl (+)J mlz (%) 408 (M+, 100); IIRMS lEI (+)] calcd for 
Cnl-1 17N07 407.1005, found 407.1003 . 
7-Bromo-4-mcthoxy-2-(4-bromo-2-nitrophcnyl)-9H-xanthcnc-9-onc (5.32f) 
Br 
OMe 
A mixture of freshly prepared enamine 1.225 (ca. I 0.0 mmol) and diene 5.31f 
(45 1 mg, 1.00 mmol) was heated at reOux for 2 h and worked up according to the general 
procedure. Column chromatography (CI I2CI2) yielded xanthone 5.32f (285 mg, 56%) as 
a yellow solid: R; = 0.55 (Cl-hCI2); mp 283- 284 oc; IR v 3086 (w), 2936 (w), 2845 (w), 
1647 (s), 1604 (s), 1558 (m), 1530 (s), 1465 (s), 1441 (s), 14 17 (s), 1358 (s), 1338 (s), 
1311 (s), 1287 (s), 1272 (s), 1213 (s), 1173 (s), 1047 (s), 826 (s), 788 (s), 708 (s) (cm-1) ; 
1H MR (500 Mlfz) 8 8.46 (d,J = 1.9 liz, I H), 8.10 (d,J = 1.7llz, III), 7.85 (d,J = 1.9 
Hz, I H), 7.81 (td, J = 9.1 , 2. 1 Hz, 211), 7.54 (d, J = 9.0 Hz, I H), 7.4 1 (d, J = 8.2 Hz, II 1), 
7.10 (d, J = 2. 1 I Iz, l iT), 4.02 (s, 3I I); 13C NMR (125 MHz) 8 175.7, 154.9, 146.5, 149.1, 
138.2, 136.0, 134.2, 133.6, 132.7, 129.4, 127.6, 123.2, 122.68, 122.4, 120.6, 11 7.9, 117.1 , 
115.3, 56.9; M [APCI (+)] mlz (%) 508 (81 Br2, M+, 43), 506 ( 9Br81 Br, M+, I 00), 504 
( 9Br2, M+, 53)· IlRMS fEI (+)] calcd for C2oH 11 Br2 Os 504.8909, found 504.8908. 
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4-Mcthoxy-2-(2-nitrophcnyl)-9/ /-xanthcnc-9-one (5.38) ( I 00.4 mg, 0.289 mmol) 
was suspended in tricthyl phosphite (6 mL) and chloroform (2 mL) in a microwave 
reaction tube. The solution was heated three times for 15 minutes up to 2 10 oc with a 
maximum irradiation power of 300 W. Excess triethyl phosphite and the byproduct, 
triethyl phosphate, were removed by bulb-to-bulb vacuum di stillation at 140 °C. A 
mixture of products 5.39 (6 1.9 mg, 68%), 5.40 (8.7 mg, 9%), and 5.41 (8.4 mg, 8%) were 
isolated through repeated column chromatography (petroleum ether: Et0Ac:CH2Ch 8: l :2 
and petroleum ether:CH2Ch 1: I) as yellow solids. 
5.39: R1 = 0.52 (petroleum ether: ~ tOAc:CI I2Ch 8: I :2); mp 265- 270 °C; IR (ATR) v 
3430 (w), 3360 (w), 306 I (w), 3036 (w), 2943 (w), 2845 (w), 2362 (w), 235 1 (w), 1645 
(s), 1598 (s), 1573 (m), I497 (s) 1466 (s), I444 (m), 139I (m), 1332 (s), I3 17 (s), I275 
(s), I234 (s), 1220 (m), I2 I1 (s), II98 (m), II 67 (m), 11 56 (m) Ill 3 (m), 976 (m) 901 
(rn), 877 (m), 862 (m), 760 (s), 729(s), 687(s) (cm-1) ; 11-I NMR (400 MHz) 8 10.59 (s 
I H), 8.40 (dd, J = 8.0, 1.6 Hz, 111), 8.05 (dd, .! = 7.8, 0.8 Hz, Ill), 7.99 (s, IH), 7.76 
(ddd, J = 8.4, 6.9, 1.6 liz, I H), 7.69 (dd, J = 8.4, 0.8 Hz, 111), 7.58 (td, J = 8.1 , 0.8 liz, 
IH), 7.41 - 7.34 (m, 2 11), 7.28 (ddd J = 7.8, 7. I , 0.8 Hz, II-I), 4. I6 (s, 311); 13C MR ( 100 
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Ml-Iz) 8 178.5 , 156.0, 146.2, 142.0, 139.4, 134.4, 131.5, 125.9, 125.3, 124.0, 122.0, 
121.9, 11 9.8, 11 9.4, 118.3, 116.6, 111.5, 110.2, 108.0,57.6;MS(l~ D)m/z 315(M' ). 
5.40: Rr = 0.28 (petroleum ether:EtOAe:Cl-{zCb 8:1 :2); mp 296- 297 oc; lR (A 1 R) v 
3355 (br, m), 3060 (w) 3037 (w) 3006 (w), 2955 (w), 29 18 (w), 2850 (w), 2356 (w), 
2344 (w), 1652 (m), 1599 (s), 1509 (m), 1489 (m), 1467 (s), 1456 (m), 1422 (s), 1396 
(m), 1338 (s), 1305 (m), 1281 (m), 1249 (m), 1234 (m), 1145 (m), 1089 (m), 968 (m), 
891 (m), 758 (m), 736 (m), 697 (m) (em-1) ; 1l-I NMR (400 MHz) 8 8.85 (s, 1 H), 8.50 (s, 
I H), 8.43 (dd, J = 7.9 1.6 Hz, III), 8. 17 (dd .J = 7.7, 0.8 Hz, 111), 7.75 (ddd, J = 8.5, 7.0, 
1.6 f!z, I II ), 7.61 (dd, J = 8.4, 0.7 llz, Ill), 7.50- 7.48 (m, 2H), 7.41 (ddd, J = 8.0, 7.0, 1.1 
li z, III), 7.36- 7.29 (m, IH), 4 .27 (s, 311); 13C M R (100 Mllz) 8 177.5, 155.9, 147.1, 
140.6, 137.4, 134.4, 131.5, 127.0, 126.9, 123. 8, 122. 1, 121.7, 12 1.3 , 12 1.2, 120.9, 117.8, 
116.7, 11 4.0, II 0.9, 6 1.9; MS (FD) mlz 315 (M' ). 
5.41: RJ = 0.57 (petroleum ether:Et0Ae:CI-{zCI2 8: I :2); mp 175- 178 oc ; lR (ATR) v 
3048 (w), 2956 (s), 2854 (s), 2727 (w), 2359 (w), 2340 (w), 1907 (w), 1727 (s), 1645 
(m), 1625 (s), 1599 (s), 1585 (s), 1504 (m), 1487 (w), 1463 (s), 1453 (s), 1416 (m), 1331 
(m), 1264 (s) 1240 (m), 1124 (m), 1074 (m), 966 (m), 760 (m), 743 (m), 732 (s), 697 (m) 
(em-1) ; 1ll MR (400 MHz) 8 8.55 (s, 111), 8.42 (dd, J = 7.9, 1.6 Hz, I II) 8.1 8 (d, .J= 7.7 
Hz, I H), 7.75 (ddd, J = 8.4, 7.0, 1.6 Ilz, II I) , 7.61 (dd, J = 8.4, 0.6 Hz, I H) 7.54 (ddd, .J 
= 8.2, 7.2, 1.1 1lz Ill), 7.46- 7.39 (m, 2H), 7.32 (ddd, J = 7.9, 7.0, 0.6 liz, 11-1), 4.69 (q, J 
= 7.1 I lz , 211), 4.25 (s, 31-I), 1.52 (t, .J = 7. 1 liz, 3 fl ); 13C NMR (75 MT lz) 8 177.3, 155.9, 
148.1 , 142.0, 136.4, 134.3, 130.9, 128.8, 126.8, 123.7, 123.4, 122.6, 121.3, 120.9, 120.4, 
117.7, 116.0, 113.8 I 08 .8, 62.5, 39.7, 14.9; M (FD) mlz 343 (M 1 ). 
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A mixture of the xanthone 5.31 , triethyl phosphite ( 4 mL) and dichloromethane (I 
mL) was microwave irradiated at the set conditions (21 0 °C, 300 W) for 60 min (3 x 20 
min periods) unless otherwise indicated. ~ xcess P(OEt)3 and triethyl phosphate were 
destroyed by heating the resulting mixture with aqueous 6 M IICl ( 12 mL) at 70 oc in 
EtOAc (20 mL) Cor 12 h. After cooling to room temperature, distil led water (30 mL) and 
CH2Cl2 (30 mL) were added into the reaction mixture. The organic layer was separated 
and the aqueous layer was extracted with CI-hCh or EtOAc (3 x 30 mL). The combined 
organic layer was washed with distilled water (2 x 40 mL) washed with aqueous I 0% 
Nai-IC03 (2 x 30 mL), washed with brine (2 x 30 mL), dried over MgS04, and fi ltered. 
The solvent was removed under reduced pressure to yield a mixture of Cadogan products 
as a yellow solid, which was used in the subsequent N-alkylation reaction ithout further 
purification. 
Procedurefor N-alkylation reactions: 
To a suspension of the Cadogan reaction product in dioxane (15 mL) was added 
potassium hydroxide (4 equiv.) in dioxane (2 mL) in several portions. The resulting red 
mixture was stirred at room temperature for 30 min, followed by the addition of an excess 
amount of alkyl bromide or alkyl iodide (1.0 mL). The reaction mixture was stirred at 
room temperature or heated at reOux overnight. Dichloromethane ( 15 mL) and distilled 
water (20 mL) were added to the reaction mixture. The layers were separated and the 
aqueous layer was extracted with CH2Cl2 (3 x 15 mL). The combined organic layers 
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were washed with water, washed with brine, dried over MgS04 and filtered. The crude 
product was purified by column chromatography to afford xanthone-carbazole products. 
1 '-Mcthyl-1 'H-indolc[2 ',3 '-a]-4-mcthoxy-9H-xanthcne-9-onc (5.42) 
1 '-Mcthyl-1 'H-indolc[3 ',2 '-b]-4-methoxy-9H-xanthcnc-9-onc (5.43) 
5.42 OMe 
A mixture ofxanthone 5.38 (173.6 mg, 500 IJ.mol), triethyl phosphite (4 mL) and 
dichloromethane ( I mL) was microwave irradiated for 45 min and worked up according 
to the general procedure. T he crude Cadogan product ( 157.6 mg, 500 IJ.mol), potassium 
hydrox ide ( 11 2 mg, 2.00 mmol), and methyl iodide ( 1.0 mL) in dioxane was stirred at 
room temperature overnight and worked up according to the genera l procedure. Column 
chromatography (50:50 CH2Ch:petroleum ether) of the crude product yielded 5.42 ( 138.3 
mg, 85%) and 5.43 (1 1.6 mg, 7%) as yellow solids. 
5.42: R1 = 0.45 (50: 50 CH2Ch:petroleum ether); mp 199- 200 °C ; IR (ATR) v 3022 (w), 
2936 (w), 2830 (w), 1643 (s), 1607 (s), 1585 (m), 1567 (m), 1464 (s), 14 19 (m), 1362 
(m), 1324 (s), 1270 (s), 1203 (s), 1178 (m), 1063 (m), 953 (s), 763 (s) 74 1 (s) (cm-1) ; 1H 
MR (300 MHz) 8 8.29 (dd, J = 7.9, 1.7 Hz, 1 H), 7.98- 7.95 (m, I H), 7.88 (s, 1H), 7.70-
7.64 (m, I H), 7.57 (dd, J = 8.5, 1.2 Hz, I H), 7.50- 7.40 (m, 2 H), 7.37- 7.32 (m, I I 1), 
7.25- 7.20 (m, I H), 4. 15 (3 II) 4.07 (s, 3 H); 13C NMR (75 MHz) 8 177.0, 155 .1, 147.7, 
143 .6, 142.6, 134.3 , 133.4, 126.6, 125.7, 124.2, 123. 1, 122.7, 120.1, 11 9.2, 11 8.7, 117.9, 
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II 0.6, I 09.0, 57.5, 36.6; [APCI (+)] m/z (%) 330 (M+, 1 00); HRMS [EI (+)] calcd for 
Cz1H1·N03 329. 1052, found 329.1050. 
5.43: Rr = 0.44 (50:50 CI-hCI2:petroleum ether); mp 207- 208 oc; IR (A TR) v 3055 (w), 
2935 (w), 2825 (w), 1654 (m), 1626 (s), 1599 (s), 1469 (s), 1439 (s), 1403 (s), 1325 (s), 
1286 (s), 1246 (s), 1151 (m), 1079 (s), 991 (m), 959 (m), 757 (s), 737 (s) (em· '); 1H 
NMR (300 MHz) o 8.77 (s, II-I), 8.35 (dd, J = 8.0, 2.8 Hz, IH), 8.1 (d, J = 7.7 l-Iz, lll), 
7.70- 7.64 (m, 1 H), 7.54 (dd, J = 8.5, 1.0 Hz, 1 H), 7.50- 7.44 (m, !H), 7.36- 7.23 (m, 31-I), 
4.14 (s, 31-1), 4.13 (s, 3H); 13C MR (75 MHz) ~ 177.6, 156.2, 148.4, 143 .3, 137.6, 134.5. 
132.6, 127.1, 127.0, 123.9, 123.4, 122.6, 121.5, 121.0, 120.8, 118.0, 11 6.2 , 114.0 109.0, 
62.9, 31.5; lAPCl (+)] m/z (%) 330 (M+, I 00); HRMS [EI (+)] calcd for Czd-II s 0 3 
329.1052, found 329.1058. 
1 '-Ethyl-1 'H-indolcJ2 ',3 '-a]-4-methoxy-91J-xanthcnc-9-onc (5.44) 
1 '-Ethyl-1 'H-indolcJ3 ',2 '-bJ-4-mcthoxy-91J-xanthcnc-9-onc (5.41) 
5_44 OMe 
A mixture of xanthone 5.38 (69.5 mg, 200 ).lmol), triethyl phosphite (4 mL) and 
dichloromethane (1 mL) was microwave irradiated for 45 min and worked up according 
to the general procedure. The crude Cadogan product (63.0 mg, 200 ).lmol), potassium 
hydroxide (44.8 mg, 0.80 mmol), and ethyl iodide (1.0 mL) in dioxane was heated at I 00 
oc overnight and worked up according to the general procedure. Column 
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chromatography (50:50 CH2Ch:petroleum ether) of the crude product yielded 5.44 (53.0 
mg, 77%) and 5.41 (12.7 mg, 18%) as yellow solids. 
5.44: R1 = 0.65 (CH2Ch); mp 211 - 212 oc; IR 3053 (w), 3000 (w), 2985 (w), 2954 (w), 
2859 (w), 2830 (w), 1729 (m), 1660 (s), 16 12 (m), 1588 (m), 1567 (m), 149 1 (m), I 466 
(s), 1428 (s), 1323 (s), 1285 (s), 1269 (s) 1204 (s), 11 79 (s), 1093 (s), 1065 (s), 963 (s), 
932 (s), 869 (m), 848 (m), 79 1 (s), 760 (s), 74 1 (s), 728 (s), 683 (s) (cm-1); 1H N MR (300 
MHz) 8 8.33- 8.30 (m, 1H), 8.01 - 7.98 (m, 1H), 7.93 (s, ! H), 7.7 1- 7.65 (m, 11-l), 7.6 1-
7.53 (m, 211), 7.46- 7.41 (m, 1 1-1), 7.39 7.33 (m, I H), 7.27- 7.2 1 (m I II), 4.92 (q, .J = 
7.0 liz, 211), 4.0 I (s, 3 I I), l.34 (t, .J 7.0 llz, 3 IT); 13C MR (75 Ml Iz) 8 177.2, 154.9, 
147.8, 142.7, 142.5, 134.3, 132.0, 126.8, 125.7, 124.2, 123. 1, 123.06, 120. 1, 119.3, 11 9.1. 
117.9, 111.2, 111.0, 109. 1, 57.5, 43.2, 15.2; [APCJ (+)] m/z (%) 344 (M+, I 00); I lRM S 
lEI (+) I calcd for 22fl 17 0 3 343.1208, found 343. 120 1. 
5.41 : R1 = 0.55 (CH2CI2); mp 201- 202 oc. IR 3050 (w), 3004 (w), 2969 (w), 2944 (w), 
2874 (w), 2846 (w), 1730 (m), 1645 (m), 1625 (s), 16 1 I (m), 1599 (s), 1586 (s), 1504 
(m), I 487 (w), 1466 (s), 1452 (s), 14 17 (s), 1338 (s), 1330 (s) 1300 (s), 1264 (s), 1239 
(s), I 194 (m) 11 75 (m), 1082 (s), 100 I (m), 967 (s), 905 (m), 89 1 (m), 760 (s), 732 (s), 
697 (s) (cm-1) ; 11 I MR (300 Ml Iz) 8 8.77 (s, II I), 8.35 (dd, .J = 7.9, 1.6 li z, I H), 8. 12-
8. 10 (m, II I), 7.70 7.65 (m, I H), 7.54 (dd, .J = 8.5, 1.0 liz, III), 7.49- 7.44 (m, I II). 
7.3 8- 7.3 1 (m,211), 7.27- 7.22(m, 111),4.63 (q,.J = 7.0Hz, 211),4. 18(s, 3 1I), 1.44(t, .J = 
7.0 Hz, 311); 13C NMR (125 MI-lz) 8 177.6, 156.2, 148.3 , 142.2 136.7, 134.5, 132.6, 
127.08, 127.07, 123.9, 123.7, 122.8, 121.5 12 1.1 , 120.7, 11 8.0, 11 6.2, 11 4.0, 109. 1, 62.8 , 
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39.9, 15.1; I /\PCI (+)l mlz (%) 344 (M~, I 00); HRMS [EI (+)] calcd for C22H 17N03 
343. 1208, found 343. 1203. 
1 '-Octy 1-1 'J/-indolc[2 ',3 '-a J-4-mcthoxy-9H-xanthcnc-9-onc (5.45) 
1 '-Otyl-1 '/l-indolc[3 ',2 '-b]-4-mcthoxy-91/-xanthcnc-9-onc (5.46) 
1 '-Ethyl-1 'l/-indolc(3 ',2 '-b]-4-mcthoxy-9/l-xanthcnc-9-onc (5.41) 
5.45 OMe 5.46 OMe 
A mixture of xanthone 5.38 (69.5 mg, 200 J..lmol), triethyl phosphite ( 4 mL) and 
dichloromethane ( I mL) was microwave irradiated for 45 min and worked up according 
to the general procedure. The crude ·cadogan product (63.0 mg, 200 J..lmol), potassium 
hydroxide (44.8 mg, 0. 80 mmol), and octyl iodide ( 1.0 mL) in dioxane was heated at 100 
oc overnight and worked up according to the general procedure. Column 
chromatography (50:50 CH2Ciz:petroleum ether) of the crude product yie lded 5.45 (75.0 
mg, 88%), 5.46 (1.7 mg, 2%) and 5.41 (4.1 mg, 6%) as yellow solids. 
5.45: R1 = 0.65 (5 :95 EtOAc-petroleum ether); mp 111- 11 3 oc ; IR (ATR) v 3066 (w), 
3034 (w), 2922 (m), 2853 (m), 1729 (m), 1659 (s), 16 10 (m), 1586 (m), 1464 (s), 1426 
(s), 1380 (s), 1322 (s), 1267 (s), 1202 (s), 11 71 (s), 1089 (m), I 069 (m), 756 (s), 738 (s), 
724 (s) (cm-1) ; 1 f-1 NMR (300 Mllz) 8 8.31 (dd, J = 8.1 , 1.7 Hz, I H) 7.98 (d, J = 7.9 Hz, 
I ll ), 7.92 (s, I !f) , 7.70- 7 .65 (m, I H), 7.59 (dd , J = 8.5, 1.2 Hz, I H), 7.53- 7.50 (m, I If), 
7.44- 7.32 (m, 2 II), 7.25- 7. 19 (m, 1 If), 4.92 (m, 2H), 4.09 (s, 3 H), 1.64- 1.50 (m 2 H), 
1.1 1- 1.07 (m, 1 OH), 0.73 (t, J = 6.8 Hz, 3H)· 13C MR (75 MHz) 8 177.1 , 155.0, 147.8, 
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142. 8, 142.6, 134.3, 132. 1, 126.8, 125.6, 124.2, 123 .2, 123.0, 120.0, 11 9 .3, 11 9. 1, 11 7.9, 
111 .3, 111 .2, I 09. 1, 57.5 , 47.8, 32.0, 29.4, 29.4, 27.0, 22.8, 14.3; r/\PC I ( ) I m/z (%) 428 
(M+, 100); IIRM lEI(+)) calcd for C2sl l29N03 427.2 147, found 427.2 139. 
5.46 R_r = 0.60 (5:95 EtOAc-petroleum ether); m p 102- 103 oc; fR (ATR) v 3055 (w), 
3019 (w), 2952 (w), 2916 (m), 2849 (m), I648 (m), 1624 (s), 1597 (s), I 503 (m), 1465 
(s), 1448 (s), 14 16 (s), 1362 (m), 1337 (s), 127 1 (m), 1091 (s), 754 (s), 729 (s), 695 (s), 
(cm-1) ; 1II N MR (300 MI-Iz) 8 8.78 (s, ! H), 8.36 (dd, J = 7.8, 1.8 Hz, ! H), 8.12- 8. IO (m, 
1 H), 7.70- 7.65 (m, Ill), 7.54 (dd, J = 8.5 1.2 Hz, 1 H), 7.49- 7.44 (m, 1 H), 7.38- 7.3 1 
(m, 2H), 7.27- 7.22 (m 1 H), 4 .55-4.50 (m, 2 I I), 4 .1 7 (s, 3 l I), 1.90- 1.80 (m, 2H) 1.25-
1.17 (m, 101 1), 0.80 (t,.! = 6.8 Hz, 31 I); 13C M R (75 MHz) 8 177.4, 156.0, 148. I I 42.4, 
136.7, 134.3, 132.2, 126.9, 126.8, 123.7, 123.3, 122.6, 12 1.3, 120.9, 120.4, 1 17.8 , I 16.0, 
113.8, 109. 1, 62.6, 45. 1, 31.8, 30.0, 29.4, 29.3, 27. 1, 22.6, 14. 1; 1/\P I (+)l m/z (%) 428 
(M4 , I 00); IIRM [EI (+)] calcd for C2sl !29 0 3 427.2 147, found 427.2139. 
5.41 : characterization data was given previously. 
1 '-Dccyl-1 'IJ-indolcl2 ',3' -a]-4,7-dimcthoxy-9f/-xanthcnc-9-onc (5.52a) 
1 '-Ethyl-1 'H-indolcl3 ',2 '-b] -4,7-d imcthoxy-9H-xanthcnc-9-onc (5.54a) 
1 '-Ethyl- I 'fl-indolcl2 ',3' -a]-4,7-dimcthoxy-9H-xanthcnc-9-onc (5.55a) 
MeO MeO 
5.52a OMe 
MeO 
OMe 
5.55a 
J\ mixture of xanthone 5.3la (151.5 mg 401 )..lmol), triethyl phosphite (4 mL) and 
dichloromethane ( I mL) was microwave irrad iated for 60 m in and worked up according 
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to the general procedure. The crude adogan product (86.3 mg, 250 j..tmol), potassium 
hydroxide (56.2 mg, 1.00 mmol), and decyl bromide (1.0 mL) in dioxane was heated at 
100 °C overnight and worked up according to the general procedure. Column 
clu·omatography (70:30 petroleum ether: ·tOAc) of the crude product yielded 5.52a (95.5 
mg, 79%), 5.54a ( 12.9 mg, 14%) and S.SSa (trace) as yellow solids. 
5.52a: RJ = 0.68 (70:30 petroleum ether:EtOAc); mp 125- 126 °C; JR v 3027 (w), 2924 
(m), 2852 (m), 1648 (s), 1614 (s), 1569 (m), 1427 (s), 1468 (s), 1452 ( ), 1436 (s), 1372 
(m), 1326 (s) 1266 (s), 1217 (s) 1195 (s), 1160 (s), 1067 (s), 1029 (s), 10 19 (s), 918 (w), 
813 (s), 758 (s), 737 (s), 722 (s) (cm-1)· 111 MR (500 MHz), b 8.05 (d, J = 8.4 Hz, Ill), 
8.00 (s, 1H), 7.75 (d, J = 2.9 Hz, lll), 7.60 (t, J = 8.2 Hz, 2H), 7.48 (t, J = 8.0 Hz, II-I ), 
7.35 (dd, J = 9.5 , 2.7 I 1z, I H), 7.29 (t, J = 8.1 Hz, 1 H), 4 .99 (t, J = 7.3 Hz 21 I), 4.15 (s, 
31-l), 3.97 (s, 31 1), 1.69- 1.63 (m, 21 I), 1.25- 1.14 (m, 141-I), 0.84 (t, J = 7. 1 Hz, 31-J); 13C 
MR (l25 M1lz) b 176.9, 156.4, 149.8, 147.9, 142.8 142.7, 132.0, 125.4, 124.3, 123.4. 
123.1, 120.0, 11 9.3, 119.2, 118.8, 111.2, 110.9, 108.8, 106.1 , 57.5 56.2, 47.8, 32.1 ,29.7 
(2C), 29.48, 29.47, 29.44, 27.0, 22.9, 14.3; MS lAPCI (+)] m/z (%) 486 (M4 , 100); 
IIRMS rEI ( ) I calcd for CJti-I35N04 485.2566, found 485.2563. 
5.54a: R1 = 0.46 (70:30 petroleum ethcr:EtOAc); mp 201- 202 oc; IR v 3055 (w), 2939 
(w), 2841 (w), 1649 (s), 1620 (s), 1598 ( ), 1591 (s), 1489 (s), 1451 (s), 1417 (s), 1331 
(s), 1289 (s), 11 97 (s), 1160 (s), 1145 (s), 1082 (m), I 033 (s), 821 (s), 785 (s), 735 (s), 
730 (s) (cm-1); 11 I NMR (500 Mllz), 8 8.84 (s, I H), 8.19 (d, J = 8.3 I Iz, I H), 7.80 (d, J = 
3.0 Hz, I l-l) , 7.55 (d, J = 8.5 Hz, I H), 7.53 (t, J = 6.8 Hz, I H), 7.43 (d, J = 8.2 Hz, I 1-l), 
7.35 (dd, J 9. 7, 2.8 llz, I II), 7.31 (t, J 8.0 Hz I H), 4.69 (q, J = 7.2 Hz, 2II), 4.24 ( . 
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3H),3.96 (s,3H), 1.51 (t,J = 7.0Hz,3H); 13CNMR (125Mllz)8177.5, 156.1 , 151.0, 
148.4, 142.3 , 136.6, 132.4, 127 .1 , 124.4, 123.7, 122.8, 121.7, 12 1.1 , 120.6, 119.4, 11 5.8, 
113 .9 109.0, 106.4, 62.7, 56.2, 39.9 15.1 ; MS [APCI (+)] m/z (%) 374 (M 1 , 100); 
HRMS [El (1-)J calcd for C23 l-I 19 0 4 373. 1314, found 373.1310. 
S.SSa: R1 = 0.45 (70:30 petroleum cther:EtOAc); mp (not measured due to impure 
sample); 1 II NMR (500 MHz) (unclean spectrum, peaks attributable to the product arc 
listed), 8 8.06 (d, J - 7.7 Ilz, 1 H), 7.98 (s, I !f), 7.76 (d, J = 3. 1 fl z, III), 7.61 (d, J = 9. 1 
I lz, 21-I), 7.5 1-7.47 (m, I H), 7.35 (dd, .J = 9. 1, 3.1 Hz, 1H), 7 .32-7.28 (m, Il l), 5.00 (q, .J 
= 7.1 Hz, 21 1), 4. 16 (s, 3H), 3.97 (s 31 I), 0.88 (t, J = 6.9 Hz, 3H)· MS lAPCI (+)] m/z (%) 
374 (M +, I 00); I IRMS I EI (+)] calcd for C23II1 9N04 373 .13 14, found 373. 1311. 
1' -Dccyl-l'//-indolcl2 ',3 · -a]-7-bromo-4-mcthoxy-9/1-xanthcnc-9-onc (5.52b) 
1'- Dccyl -l'/l-indolc[3 ·,2 · -b]-7-bromo-4-mcthoxy-9/1-xanthcnc-9-onc (5.53b) 
1' -Ethyl-l '/l-indolcl3 ·,2 · -b)-7-bromo-4-mcthoxy-9/1-xanthcnc-9-onc (5.54b) 
Br Br Br 
5.52b OMe 
A mixture of xanthone 5.31 b (200.1 mg, 469 J..tmol), tricthyl phosphite (4 mL) and 
dichloromcthane ( I mL) was microwave irradiated for 60 min and worked up according 
to the general procedure. The crude Cadogan product (99. 1 mg, 25 1 J..tmol), potassium 
hydroxide (56.2 mg, 1.00 mmol), and dccyl bromide ( 1.0 mL) in dioxane was heated at 
100 oc overnight and worked up according to the general procedure. Column 
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chromatography (70:30 petroleum ether:EtOJ\c) of the crude product yielded 5.52b (93.9 
mg, 70%), 5.53b (14.8 mg, 11 %) and 5.54b (7.4 mg, 7%) as yellow solids. 
5.52b: RJ = 0.63 (70:30 petroleum ether:EtOJ\c); mp 106- 107 oc ; IR v 3053 (w), 2918 
(m), 2850 (m), 1654 (s), 1623 (w), 1600 (m), 1564 (m), 149 1 (m), 1465 (s), 1436 (s), 
1323 (s), 1267 (s), 1221 (s), 1207 (s), 1193 (s), 1173 (s), 1128 (m), 1095 (m), 1066 (s), 
1022 (s), 959 (m), 906 (m), 859 (m), 809 (s), 737 (s), 724 (s) (em-'); 11-l NMR (500 
MI-lz), 8 8.46 (d , J = 2.3 Hz, 1H), 8.00 (d, J = 7.4 Hz, 1 H), 7.93 (s, I f f) , 7.76 (dd, J = 8.8, 
2.3 Hz, 1 I I) , 7.56 (d, J = 8.4 Hz, 1 I 1), 7.5 1- 7.46 (m, 2H), 7.29- 7.25 (m, 1 I 1), 4 .90 (t, J = 
5.6 Hz, 2H), 4.1 1 (s, 31-I), 1.70- 1.64 (m, 2H), 1.25- 1. 16 (m, 141-f), 0.85 (t, J = 7.3 I !z · 
3H); 13C NMR ( 125 MHz) 8 175.7, 153.6, 147.5, 142.8, 142.5, 137.0, 131.9, 129.3, 
125 .7, 124.4, 122.4, 120.1 , 11 9.8, 119.30, 119.28, 117.2, 11 1.1 , I I 0.9, 1 09.3 , 57.4, 47.9, 
32. 1, 29.7, 29.6 (2C), 29.5 (2C), 27.0, 22.9, 14.3 ; MS [APCI (+)J m/z (%) 536 (81 Br, M~, 
1 00), 534 ( 9Br, M ~ , 98); l-IRMS [El (+)] calcd for C3oii32Br 0 3 533.1566, found 
533.1558. 
5.53b: R1 = 0.75 (70:30 petroleum ether:EtOJ\c); mp 154- 155 oc; IR v 3060 (w), 2920 
(m), 285 1 (m), 1649 (s), 1625 (s), 1599 (s), 1592 (s), 1601 (w), 1461 (s), 1419 (s), 1358 
(m), 1330 (m), 1275 (s), 1169 (s), 1128 (m), 1063 (m), 974 (m), 822 (s), 784 (s), 737 (s) 
(cm-1); 1H MR(500MHz),8 8.8 1 (s, I II), 8.52(d,J = 2.9Ilz, III), 8.16(d J = 7.4Hz, 
1 H), 7.80 (dd J = 8.8, 2.2 Hz, III), 7.53 (t, J = 7.7 Hz, I I!), 7.49 (d, J = 8.9 Hz, Ill), 
7.43 (d , J - 8.2 ll z, I H), 7.31 (t, J = 7.3 liz, III), 4.58 (t, J = 8.0 liz, 2H), 4. 12 (s, 311), 
1.94- 1.88 (m, 211), 1.47- 1.41 (m, 21 I), 1.37- 1.33 (m, 2H), 1.28- 1.24 (m, I OH) 0.87 (t, J 
= 7.0 flz, 3II) ; 13C MR ( 125 MHz) 8 176.3, 154.9, 148.1, 142.6 1''7.3 , 137.1 132.6, 
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129.6, 127.2, 123.4, 123.1, 122.8, 121.1 , 120.8, 119.9, 11 6.9, 11 5.7, 114.0, 109.4, 62.8 , 
45.3 , 32. 1, 30 .2, 29.8 (2C), 29.6, 29.5, 27.3, 22.9, 14.3 ; MS f/\PCI (+)] m/z (%) 536 
(81 Br, M+, 99), 534 C9Br, M , 100); 1IRMS fEI (+)] calcd for C3oH32Br 0 3 533.1566, 
found 533.1559. 
5.54b: RJ = 0.55 (70:30 petroleum ether:EtOJ\c)· mp 249- 250 oc; IR v 2942 (w), 2843 
(w), 1650 (s), 1626 (s), 1597 (s), 1592 (s), 1502 (m), 1461 (s), 145 1 (s), 14 16 (s), 1329 
(m), 1277 (s), 126 1 (s), 1194 (m), 1166 (m), 1060 (m), 975 (m), 8 10 (s), 730 (s) (em-1); 
11-I MR (500 M llz), 8 8.82 (s, 1 H) 8.53 (d, J = 2.2 Hz, I H), 8.16 (d J = 8.1 Hz, Il l), 
7.8 1 (dd, J = 8.9, 2.9 l lz, I H), 7.54 (t, J = 7.5 liz, 1 H), 7.50 (d J = 8.9 li z, I l l), 7.44 (d , J 
= 8.3 Hz, I I f) , 7.33 (t, J = 7.6 Hz, 1 II), 4.69 (q, J = 7. 1 Hz, 2H), 4.24 (s, 3H), 1.52 (t, J = 
7.3 Hz, 3H); 13C NM R ( 125 Mflz) 8 176.3, 154.9, 148.2, 142.3 , 137.3, 136.9, 132.6, 
129.6, 127.3, 123.5, 123.2, 122.9, 121.2, 120.9, 120.0, 11 6.9, 115.8, 11 4. 1, 109.2, 62.8, 
40.0, 15. 1; MS IAPCI (+)] m/z (%) 424 (81Br, M+, 98), 422 C9Br, M~ 100); HRM r ~ I 
(+)] calcd for C22li 16Br 0 3 421.0314, found 42 1.03 12. 
1 '-Dccyl-5 '-mcthoxy-1 'II-indolcl2 ' ,3 '-a]-4-mcthoxy-9/1-xanthcnc-9-onc (5.52c) 
1 ·- Dccyl-5' -mcthoxy-1 · /J-indolcl3 ' ,2 '-b l-4-mcthoxy-9H-xanthcnc-9-onc (5.53c) 
1 · -Ethyl-5 ' -mcthoxy-1 · JJ-indolcl3 ' ,2 · -b]-4-mcthoxy-9H-xanthcnc-9-onc (5.54c) 
OMe OMe 
5.52 c OMe 
A mixture of xanthone 5.3lc ( 121.3 mg, 321 )lmol), triethyl phosphite (4 mL) and 
dichloromethane ( I mL) was microwave irradiated for 60 min and worked up according 
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to the general procedure . The crude Cadogan products (121.1 mg, 351 J..lmol), potass ium 
hydroxide (78.6 mg, 1.40 mmol), and decyl bromide (1.0 mL) in dioxane was heated at 
I 00 °C overnight and worked up according to the general procedure. Column 
chromatography (80:20 petroleum ether:EtO/\.c) of the crude product yielded 5.52c (82.3 
mg, 48%), 5.53c (24.8 mg, 15%) and 5.54c (16.2 mg, 12%) as yellow solids. 
5.52c: R1 = 0.62 (80:20 petroleum ether:EtOAc); mp 108- 109 oc; IR v 3045 (w), 2948 
(m), 29 19 (m), 2849 (m), 1659 (s), 1630 (m), 1605 (m), 1588 (m), 1566 (m), 1484 (s), 
1465 (s), 1438 (m), 1335 (s) 1310 (m), 1265 (s), 1205 (s), 1162 (s) 1065 (s), 1039 (s), 
967 (m), 819 (m), 755 (s) (cm-1); 1II MR (500 MHz), 8 8.37 (dd, .J = 7.6, 1.6 Hz, I ll), 
7.93 (s, I I 1), 7. 75- 7.72 (m, llT), 7.65 (d, .J = 8.3 Hz, 1 H), 7.49 (d, .J = 2.3 l-Iz, I H), 7.4 7 
(d, J = 9.7 liz, Ill), 7.41 (t, .J = 7.6 I Iz, I H), 7. 12 (dd, .J = 8.6, 2.3 I lz, 1l I), 4.93 (t, J = 
7. 7 Hz, 2 11), 4.16 (s, 31 I), 3. 96 (s, 3H), 1.65- 1.59 (m, 2H), 1.25- 1. 12 (m, 14H), 0.85 (t, .J 
= 7.5 Hz 311)· 13 MR (125 Mllz) 8 177.0, 155.0, 144.5, 147.9 142.3, 137.9, 134.2, 
132.6 126. 8, 124. 1, 123.4, 123.2, 118.9, 117.8, 115.0, 11 2. 1, 111.3, 109.2, 101.7, 57.6, 
56.3, 47.9, 32. 1, 29.7 (2C), 29.5 (2C), 29.4, 27.0, 22.9, 14.3 ; MS f/\.PCI (+)I mlz (%) 486 
(M+, 1 00); llRM S lEl (+)1 calcd for C3 ti1JsN04 485.2566, found 485.2561. 
5.53c: R1 = 0.70 (80:20 petroleum ether: JtO/\.c); mp 82- 83 oc; IR v 3049 (w), 2923 (s), 
2853 (s), 1651 (m), 1629 (m), 1599 (s), 1479 (s), 1461 (s), 141 2 (s) , 13 13 (s), 1253 (s), 
121 2 (s), 11 57 (s), 11 38 (s), 107 1 (s), 1035 (s), 882 (s), 790 (s), 756 (s) (cm-1); 111 NMR 
(500 Mllz), 8 8.80 (s, lli), 8.42 (dd, J - 7.9, 1.5 Hz, I H), 7.77- 7.72 (m, ll I), 7.67 (d, .J = 
2.4 Hz, I H), 7.60 (d, J = 8.2 Hz, 11-l), 7.40 (t, .J = 7.2 Hz, 1H), 7.32 (d J = 8.8 Hz, Ill), 
7. 14 (dd, .J = 8.8, 2.5 Hz, 1 H), 4 .55 (t, .J = 7.7 Hz, 2H), 4.22 (s, 3li), 3 .95 (s, 3H), 1.92-
3 19 
Chapter 5 
1.86 (m, 2II) 1.46- 1.38 (m, 2H), 1.3 1.24 (m, 12H), 0.87 (t, J = 6.9 I Iz, 31-I); 13C NMR 
(125 MIIz) 8 177.6, 156.2, 154.9, 148.2, 137.4, 137.3, 134.5, 132.5, 127. 1, 124.0, 123.8, 
122.7, 121.5 , 118.0, 116.1 , 115.8, 114.0, 110.1 , 103.8, 62.7, 56.3 ,45.4,32. 1, 30.2,29.9, 
29.8, 29.6, 29.5, 27.3, 22.9, 14.3; MS I/\PCI ( 1-)l m/z (%) 486 (M 1, I 00); HRMS I El ( ) I 
calcd for c31 1 b- 0 4 485.2566, found 485.2572. 
5.54c: R/ = 0 .54 (80:20 petroleum cther:EtOAc); mp 179- 180 ° ; IR v 2994 (w), 2939 
(w), 2829 (w), 1649 (s), 1633 (s), 1607 (s), 1591 (s), 1504 (m), 1482 (s), 1463 (s), 1411 
(s), 1317 9s), 1257 (s), 1217 (s), 1185 (s), 1152 (s), 1064 (s), 1032 (s), 1010 (s), 973 (m), 
846 (m), 837 (m) 788 (m), 751 (s) (em-\ 111 MR (500 MHz), 8 8.78 (s, 11-I), 8.41 (d, J 
= 8.3 Hz, II I), 7.74- 7.72 (m, 1 H). 7.66 (d, J = 2.7 Hz, 1 H), 7.59 (d, J = 8.7 Hz, lll), 7.39 
(t,J = 7.8llz, llf), 7.32 (d,J = 8.71Iz, III), 7.14 (dd, J = 8.6, 1.9llz, IH), 4.65 (q,J = 
7.1 I Iz, 21 I), 4.23 (s, 3H), 3.95 (s, 3II), 1.49 (t, J = 7.1 Hz, 31 I); 13C MR (125 Mllz) 8 
177.5 156.2, 154.8 148.1, 137.0, 136.9, 1-34.4, 132.4, 127.0 124 .1 , 123. 8 122.7, 12 1.5, 
117.9, 116.0, 115.8, 114.0, 109.8, I 03.9, 62.7, 56.3, 40.0, 15.2; MS rAPCI (+)] mlz (%) 
374 (M ", 100); IIRMS lEl (+)] calcd for 23 H 19 0 4 373.1314, found 373. 13 10. 
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1 '-Dccyl-6 '-bromo-1 'H-indolc[2 ',3, -a]-4-mcthoxy-9H-xanthcnc-9-onc (5.52d) 
1 '- Dccyl-6 · -bromo-1 'H-indolc[3 ',2 '-b]-4-mcthoxy-9H-xanthcnc-9-onc (5.53d) 
1, -Ethyl-6' -bromo-] 'JJ-indolc[3 ',2 '-bJ-4-mcthoxy-9H-xanthcnc-9-onc (5.54d) 
5.52d OMe 
~Br 
~aVN~ 
5.53d OMe C·cH;· 
Br 
1\. mixture of xanthone 5.3ld (205.6 mg 482 J.!mol), triethyl phosphite (4 mL) and 
dichloromethane ( I mL) was microwave irradiated for 60 min and worked up according 
to the general procedure. The crude Cadogan product ( I 06.1 mg, 269 ~tmol), potassium 
hydrox ide (56.1 mg, 1.00 mmol), and decyl bromide (1.0 mL) in dioxane was heated at 
I 00 oc overnight and worked up according to the general procedure. Column 
clu·omatography (70:30 petroleum ether:EtOAc) ofthe crude product yielded 5.52d (75. 1 
mg, 52%), 5.53d (6.3 mg 4%) and 5.54d (5 .5 mg, 5%) as yellow solids. 
5.52d: R1 = 0.60 (70:30 petroleum ether:EtOAc); mp 126- 127 °C; IR v 3029 (w), 2948 
(m), 2920 (m), 2848 (m), 1662 (s), 16 12 (s), 1586 (s), 1564 (m), 1488 (s), 1467 (s), 1433 
(m), 1427 (s), 1367 (s), 1328 (s), 1305 (s), 1279 (s), 1207 (s), 11 50 (m), 11 31 (m), 1056 
(s), 10 13 (m), 956 (s), 899 (s), 873 (s), 755 (s) (cm-1) ; 1 H MR (500 Ml Iz), 8 8.36 (dd, J 
= 8.4, 1.5 li z, III), 7.90 (s, 1H), 7.87 (d,J = 8.1 Hz, IH), 7.76- 7.73 (m Ill) 7.71 (d , J = 
1.2 Hz, I H), 7.65 (d , J = 8.0 Hz, I H), 7.43 (t, J = 7.6 Hz, I H), 7.38 (dd, J = 8.3, 1.5 1 Iz, 
I H), 4 .90 (t, .J = 7.6 Hz, 2Il), 4.14 (s, 31 I), 1.67- 1.6 1 (m, 2H), 1.25- 1.1 4 (m, 141-1), 0.85 
(t, J = 7.5 liz, 3H); 13C NMR ( 125 Mllz) 8 177.0, 154.9 148.0, 143.5 , 143. 1, 134.4, 
132.1 , 126.8, 124.3 , 123.2, 123 .1, 121.9, 120.4, 11 9.2, 118.5, 11 7.9, 11 4.2, 111.5, 108.5, 
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57.4, 48.0, 32.1, 29.7 (2C), 29.5, 29.4, 29.38, 26.9, 22.9, 14.3; MS IAPCI (+)] mlz (%) 
536 (81 Br, M 1 , I 00), 534 ( 9Br, M 1 , 97); HRMS [EI ( ) I ealed for C3oH32BrN03 
533.1566, found 533.1559. 
5.53d: RJ = 0.72 (70:30 petroleum cthcr:EtOAe); mp 139- 141 °C; IR v 2936 (m), 2921 
(s), 2850 (s), 1650 (s), 1627 (s), 1611 (m), 1592 (s), 1502 (m), 1464 (s) 1434 (s), 141 3 
(s), 1349(s), 1312(s), 1279(s), 1229(m), 1171 (m), 1147(m), 1107(s), 1091 (s),965 
(m), 864 (m), 797 (s), 754 (s) (em-\ 1 II NMR (500 MHz), o 8.80 (s, I H), 8.41 (dd, J = 
8.4, 1.6 Il z, Ill), 8.00 (d, J = 8.2 llz, Ill), 7.77- 7.73 (m, !H), 7.60 (d, J = 8.4 Hz III), 
7.56 (s, II 1), 7.43- 7.40 (m, 2H), 4.53 (t, J = 7.9 Hz, 2H), 4.24 (s, 31 I) 1.93- 1.87 (m, 21 1), 
1.47- 1.41 (m, 211), 1.38- 1.25 (m, 12H), 0.87 (t, .J = 6.1 Hz, 311); 13C MR ( 125 Mllz) 8 
177.5, 156.1 , 148.5, 143.5, 137.0, 134.7, 132.8, 127.1, 124.0, 123 .8, 122.5, 122.2, 122. 1, 
12 1.5, 120.8, 118.0, 116.7, 114.0, 112.5, 62.8, 45.5, 32.1 , 30.1 , 29.9, 29.8, 29.6, 29.5, 
27.3, 22.9, 14.3 ; MS [APCI (+)] m/z (%) 536 (81 Br, M+, I 00), 534 ( 9 Br, M , 93); HRM 
lEI ( )] ealcd for C3ol-h2Br 0 3 533.1566, found 533.1557. 
5.54d: R1 = 0.58 (70:30 petroleum cthcr:EtOAe); mp 255- 256 oc ; JR v 3064 (w), 30 10 
(w), 2954 (w), 2843 (w), 1649 (s), 1625 (s), 1591 (s), 1502 (m), 1463 (s), 1432 (s), 141 2 
(s), 1349 (s), 1320 (s), 1280 (s), 1230 (s), 1198 (s), 1172 (s), 1106 (s), I 054 (s), I 004 (s), 
966 (s), 905 (s), 861 (s), 840 (s) 798 (s), 783 (s), 749 (s) (em-1); 111 MR (500 Ml Iz) o 
8.77 (s, Ill), 8.40 (dd, J = 8.3 , 1.7 liz, III), 8.00 (d, J = 8.2l!z Ill), 7.76- 7.73 (m, 111), 
7.59 (d . .J - 8.4 liz, Ill), 7.56 (s, Ill), 7.42- 7.39 (m, 21-I), 4 .63 (q, J = 7.2 Hz, 2I 1), 4.25 
(s, 3II), 1.51 (t, J = 7.5 Hz, 3H); 13C MR (125 MHz) 8 177.4, 156. 1, 148.5, 143.1 , 
136.7, 134.6, 132.8, 127.1 , 124.0, 123.8, 122.6, 122.2, 122.1' 12 1.5, 120.8, 118.0, 11 6.7, 
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11 4.0, 11 2.3, 62.8, 40.2, 15.1; MS [APCI (+)] m/z (%) 424 (81 Br, M+, 100), 422 ( 9Br, 
M+, 93); HRMS [EI (+)] calcd for C221-I16BrN03 421.0314, found 421.0318. 
1 '-Dccyl-6 ' -bromo-1 'l/-indole[2 ',3 '-aJ-7-bromo-4-mcthoxy-9l/-xanthcne-9-onc 
(5.521); 
1 '- Dccyl-6 '-bromo-1 'H-indolc(3 ',2 '-b)-7 -bromo-4-mcthoxy-91/-xanthenc-9-onc 
(5.531); 
and an unidentified product 5.72 
Br Br Br 
5.521 OMe 
A mixture of xanthone 5.31f (153.6 mg, 304 !lmol), triethyl phosphite (4 mL) and 
dichloromethanc (I mL) was microwave irradiated for 40 min and worked up according 
to the general procedure. The crude Cadogan product ( 118.2 mg, 250 !lmol), potassium 
hydroxide (56.3 mg, 1.00 mmol), and decyl bromide (1.0 mL) in dioxane was heated at 
I 00 °C overnight and worked up according to the general procedure. Column 
chromatography (80:20 petroleum ether:EtOAc) of the crude product yielded 5.52f (98.4 
mg, 64%), 5.53f(1 3.3 mg, 9%) and a unidentified product 5.723 1 (1.6 mg, 1%) as yellow 
so lids. 
5.52f: R1 = 0.62 (80:20 petroleum ether:EtOAc); mp 176- 177 oc ; lR v 3072 (w), 2954 
(m), 2922 (s), 2852 (s), 1652 (s), 1623 (m), 1606 (m), 1582 (m), 1564 (m), 1484 (s), 1466 
(s), 1439 (s) 1364 (s), 1304 (s), 1256 (s), 1218 (s), 1207 (s), 11 7 1 (s), 11 26 (m), 1095 (s), 
I 057 (s), 962 (s), 905 (s), 877 (s), 811 (s), 795 (s), 72 1 (s) (cm-1) ; 1 H MR (500 Ml-lz), 8 
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8.45 (d, J = 2.7 Irz, I H), 7.86 (s, I H), 7.84 (d, J = 8.1 Hz, I H), 7.79 (dd, J = 8.9, 2.4 Hz, 
!H), 7.69 (d, J = 1.0 Hz, 1H), 7.51 (d, J = 9.4 Hz, IH), 7.36 (dd, J = 8.3 , 1.4 l-Iz, III), 
4.84 (t, J = 7.6 I Iz, 2H), 4. 12 (s, 31 I), 1.68- 1.62 (m, 2H), 1.27- 1.17 (m, 1411), 0.86 (t, J = 
7.5 liz, 31I); 13C MR (125 MI-Iz) o 175.6, 153.6, 147.7, 143.5, 143.0, 137.2, 132.0, 
129.3 , 124.3, 123.3, 121.7, 120.4, 119.8, 119.4, 118.8, 117.4, 114.2, 111.1 , 108.8, 57.3 , 
48.1, 32.1 , 29.7 (2C), 29.54, 29.49, 29.45, 26.9, 22.9, 14.3; MS IAPCI (+)I mlz (%) 616 
(81 Br2, M ' , 57), 614 (81Br79Br, M ' , 100), 612 ( 9Br2, M-', 57); fiRMS lEI (+)] calcd fo r 
C3oi-I31Br2 0 3 611.0671 , found 6 11.0673. 
5.53f: R1 = 0.7 1 (80:20 petroleum cther:EtOAc); mp 193- 194 ac; IR v 3074 (w), 2932 
(s),292 1 (s),2851 (s), 165 1 (s), 1626(s), 1592(s), 1500(m), 1466 (s), 1434(s), 1411 ( ), 
1350 (m), 131 5 (m), 1289 (s), 127 1 (s), 1126 (s), 1092 (s), 972 (s), 82 1 (m), 797 (s), 782 
(s), 707 (s) (cm-1); 11I NMR (500 MI lz), o 8.74 (s, 11-I), 8.49 (d, J = 2.0 11z. I H), 7.97 (d, 
J = 8.2 liz, II 1), 7.80 (dd, J = 8.9, 1.9 I lz, III), 7 .54 (d, J = 2.0 I fz, I 1-1), 7.48 (d, J = 8.8 
liz III), 7.4 1 (dd, J = 8.2, 1.6 Hz, II-I) 4.52 (t, J = 8.0 Hz, 2Il), 4.22 (s, 3H), 1.91- 1.86 
(m, 2H), 1.45- 1.41 (m, 2 I-l) , 1.39- 1.34 (m, 2H), 1.32- 1.26 (m, I 01 I), 0.87 (t, J = 6.9 I lz, 
31-1); 13C MR (125 MHz) o 176.1, 154.8, 148.3, 143.4, 137.4, 137.1 , 132.8, 129.6, 
123.9, 122.7, 122.33, 122.30, 122.1, 121.0 120.0, 117.0 116.2 114.0, 11 2.6, 62.8, 45.5, 
32. 1, 30. 1, 29.8 (2 ), 29.6, 29.5, 27.3, 22.9 14.3; MS IAPCI (+) I m/z (%) 616 (81 Br2, M ' , 
52), 6 14 (81 Br79Br, M4 , 100), 6 12 ( 9Br2, M ~, 51); 1-IRM lEI (+) I calcd for 
C3oli31Br2N03 611.0671 , found 6 11.0668. 
5.72: R1 = 0.50 (80:20 petroleum ether:btOAc); mp > 300 ° ; TR v 2954 (s), 2923 (s), 
2853 (s), 1649 (s), 1628 (s), 1593 (s), 1564 (s), 1498 (s), 1460 (s), 143 1 (s), 1347 (s), 
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1255 (s), 1181 (s), 11 26 (s), 1115 (s), 1016 (s), 974 (s), 849 (m), 807 (s), 780 (m), 730 
(m) (cm.1) ; 1H NMR (500 MHz), 8 8.55 (d, J = 2.5 Hz, I H), 8.42 (d, J = 8.3 Hz, 11-1), 
7.84 (dd , J = 8.8, 2 .5 Hz, IH), 7.70 (s, !H), 7.69 (d, J = 1.4 Hz, III), 7.61 (d,J = 8.8 Hz, 
I H), 7.52 (dd , J = 8.4, 1.6 Hz, III), 4.73 (q, .J = 7.1 Hz, 2H), 4.13 (s, 31 1), 1.49 (t, J = 7.2 
Hz, 3H); 13C MR (insufficient sample for measurement); MS lAPCl (+)I m/z (%) 504 
( 81 Br, M 1 , 47), 502 (81 Br and 79Br, M 1 , 100), 500 ( 9Br, M+, 56); HRMS rEI(+)] calcd for 
Cn H 15Br2N03 498.94 19, found 498.9429. 
1 '- Decyl-6 '-mcthoxy-1 ' /f-indolc[2 ',3 '-a]-4,7-dimcthoxy-9ll-xanthcnc-9-onc (5.52c) 
1 '-Ethyl-6 ' -mcthoxy-1 'll-indolc[2 ',3 '-b]-4,7-dimcthoxy-9/f-xanthcnc-9-onc (5.54c) 
OMe 
MeO MeO 
5.52e OMe 
A mixture of xanthone 5.31e (140.5 mg, 345 )lmol), triethyl phosphite (4 mL) and 
dichloromethane ( 1 mL) was microwave irradiated for 60 min and worked up according 
to the general procedure. The crude Cadogan product ( 131 .2 mg, 350 )lmol), potassium 
hydroxide (79.3 mg, 1.41 mmol), and decyl bromide (1.0 mL) in dioxane was heated at 
I 00 oc overnight and worked up according to the general procedure. Column 
chromatography (80:20 petroleum ether:EtOAc) of the crude product yielded 5.52e 
( 11 5.5 mg, 64%) and 5.54c (21.8 mg, 15%) as yellow solids. 
5.52c: R1 = 0.55 (80:20 petroleum ether:EtOAc); mp 142- 143 oc; IR v 3004 (w), 2922 
(m), 2852 (m), 165 1 (s), 16 17 (s), 1566 (m), 1484 (s), 1439 (s), 1375 (m), 1334 (s), 1309 
(s), 1262 (s), 1220 (s), 11 99 (s), 11 6 1 (s), 1064 (s), 1036 (s), 991 (m), 920 (m), 843 (m), 
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814 (s), 774 (m) 760 (s) (cm-1); 1H NMR (500 MHz), 8 7.92 (s, 1 H), 7.75 (d, J = 3.0 Hz, 
1 H), 7.60 (d, .J = 9.5 Hz, IH), 7.49 (d, J = 2. 1 Hz, IH), 7.48 (d, J = 7.4 Hz, l 1-l), 7.34 (dd, 
J = 9.0, 3.2 Hz, 1 H), 7.12 (dd, J = 9.5, 2 .6 Hz, 1 H), 4.95 (t, J = 7.8 f lz, 21-I), 4 .1 5 (s, 3H), 
3.97 (s, 31 1), 3.96 (s, 31-f), 1.65- 1.56 (m, 2H), 1.25- 1.1 2 (m, 14H), 0.84 (t, .J = 7.5 Hz, 
31-l); 13C MR (125 MHz) 8 176.7, 156.4, 154.5, 149.8, 148.0, 142.4, 137.9, 132.6, 
124.3, 123.5, 11 9.3 118.6, 114.9, 11 2. 1, 110.9, 108.8, 106.1 , 101.7, 57.5, 56.3, 56.2, 
47.9, 32.1, 29.7 (2C), 29.5 (2C), 29.4, 27.0, 22.8, 14.3 (one signal fewer than expected); 
MS IAPCI (-1 )"1 mlz (%) 516 (M 1 , 100); HRMS rEI (+)l calcd for C32l-J37NOs 515.2672, 
found 5 15.2668. 
5.54c: RJ = 0.45 (80:20 petroleum ether:EtOAc); mp 202- 204 oc; IR v 2998 (w), 2970 
(w), 294 1 (w), 2835 (w), 1650 (m), 1606 (s), 1590 (s) , 1479 (s), 1459 (s), 1437 (s), 1409 
(s), 1366 (m), 1334 (m), 1306 (s), 1285 (s), 1274 (s), 1261 (s), 1247 (s), 1212 (s) , 1194 
(s) , 11 45 (s), 1081 (s), 1063 (s), 1032 (s), 948 (m), 862 (m), 824 (s), 782 (s), 765 (m) (em-
'); 11-f MR (500 MHz), 8 8.78 (s, !H), 7.78 (d, .J = 2.6 Hz, 11-1), 7.67 (d, J = 2.4 Hz, III), 
7.53 (d, J = 9.2 Hz, 1 H), 7.34- 7.31 (m, 2H), 7. 14 (dd, J = 8.5 , 2 .8 Hz, 1 H), 4.64 (q, J = 
7.1 liz, 21-I), 4.22 (s, 3lf), 3.95 (s, 61-I), 1.84 (t, .! = 7.2 H z, 3H); 13C MR (125 MHz) 8 
177.5, 156.0, 154.8, 151.0, 148.2, 137.0, 136.9, 132.3, 124.4, 124.1, 122.7, 12 1.6, 119.3, 
116.0, 11 5.4, 113 .9, I 09.8, I 06.4, 1 03.9, 62.6, 56.3 , 51.0, 39.9, 15.1 ; MS [APCI (+)J m/z 
(%) 404 (M I ' I 00); HRMS [EI (+)J calcd for c 24 f-h,N0s 403.1420, found 403 . 1418. 
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General method for Suzuki couplings 
a) Coupling with phenylboronic acid 5.66a (compounds 5.67a- c): 
A suspension of aryl bromide ( 1.0 equiv.), phenylboronic acid (2.0 equiv. for each 
bromo group), potassium carbonate (1 0 equiv. for each bromo group) in toluene-ethanol 
( 1.5: I, 2.5 mL) was degassed (N2) three times via a "freeze-pump-thaw" cycle. 
Tetrakis(triphenylphosphine)palladium(O) (5 mol% for each bromo group) was quickly 
added and the reaction mixture was degassed three times again via a "freeze-pump-thaw'' 
cycle. The resulting yellow reaction mixture was then heated at 80 oc for 2 h. 
b) Coupling with 2-thieny/boronic acid 5.66b (compounds 5.68a- c): 
A suspension of aryl bromide (1.0 equiv.), 2-thienylboronic acid (2.0 cquiv. for 
each bromo group), potassium carbonate (5 equiv. or I 0 equiv. for each bromo group) in 
appropriate solvents was degassed three times via a "freeze-pump-thaw" cycle. 
Tetrakis(triphcnylphosphine)palladium(O) (I 0 mol% or 15 mol% for each bromo group) 
was quickly added and the reaction mixture was degassed three times again via a 
" freeze-pump-thaw" cycle. The resulting yellow reaction mixture was then heated at I 00 
oc for indicated time. 
c) Coupling with 1-pyrenylboronic acid 5.66b (compounds 5.69a- c): 
A suspension of aryl bromide (1.0 equiv.), 1-pyrenylboronic acid (2.0 equiv. for each 
bromo group) potassium carbonate (1 0 equiv. for each bromo group) in dioxane-water 
(2 : 1, 3 mL) was degassed three times vta a " freeze-pump-thaw" cycle. 
Tetrakis(triphenylphosphinc)palladium(O) (10 mol% for each bromo group) was quickly 
added and the reaction mixture was degassed three times again via a " freeze-pump-thaw" 
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cycle. T he yellow resulting reaction mixture was then heated at I 00 oc for the indicated 
time. 
Work up procedure for Suzuki coupLing: 
The reaction mixture was cooled to room temperature and water ( 15 mL) and 
CH2C I2 ( 15 mL) were added . The organic layer was separated and the aqueous. layer was 
extracted with Cl l2C I2 (3 x 15 mL). The combined organic layers were washed with 
water (20 mL), washed with brine (20 mL) and dried over MgS04. The solvent was 
removed under reduced pressure and the res idue was purified by column chromatography 
to y ie ld desired products as yellow solids. 
1 '-Decyl-1 'H-indole[2 ' ,3 '-a]-4-mcthoxy-7-phcnyl-9/l-xanthcnc-9-onc (5.67a) 
OMe 
A mixture of bromo compound 5.52b (26.5 mg, 49.0 Jlmol), phenylboronic acid 
5.66a (11.9 mg 98.0 11mol), potassium carbaonate (67.7 mg, 490 ~Lmol), and 
tetrakis(triphenylphosphine)palladium(O) (2.8 mg, 2.5 11mol) in to luene-ethanol was 
heated and worked up according to the general procedure. Column chromatography 
(CH2C l2) of the crude product yielded 5.67a (26.0 mg, 1 00%) as a yellow solid : R; = 0.66 
(Cl-hCb); mp 133- 134 oc; IR v 3060 (w), 3033 (w), 2950 (w), 2922 (w), 2850 (w), 1657 
(s), 1611 (m), 1592 (w), 1566 (m), 15 11 (m), 1492 (m), 147 1 (s), 1455 (s), 1434 (s), 1323 
(s), 1295 (m), 1273 (s), 1260 (s), 1220 (s), 1194 (s), I 067 (s) , I 017 (s), 960 (s), 903 (s), 
821 (s), 756 (s), 738 (s), 688 (s) (cm-1) ; 111 MR (500 MHz) 8 8.59 (d, J = 2.9 Hz, I I 1), 
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8.05 (d, J = 7.8 liz , I ll ), 7.99- 7.97 (m, 21 f), 7.74- 7.71 (m, 3I 1), 7.58 (d, J = 8. 1 Hz, 11 1), 
7.50- 7.47 (m, 3f f) , 7.39 (t, J = 7.7 Hz, I H), 7.30- 7.25 (m, 1 H) 4.98 ( t, J = 7.7 Hz, 21 I) 
4. 15 (s, 311), 1.70- 1.64 (m, 2H), 1.13- 1.25 (m, 141-I), 0.82 (t, J = 7.3 Hz, 31-I); 13C NMR 
( 125 MHz) 8 177.1, 154.4, 147.8, 142.8, 142.6, 139.9, 137.3, 133. 1, 132.1, 129.2 127.8, 
127.4, 125 .6, 124.7, 123 .2, 122.0, 120.0, 11 9.2, 11 9. 1, 118.4, 111.3, 111.2, 109. 1, 57.5, 
47.8, 32.0, 29.7, 29.5, 29.4, 27.0, 22.8, 14 .3; MS [APCI (+)l m/z (%) 532 (M+, 100); 
[ IRM S I E1 (+) I ca lcd fo r c 36H37N03 531.2773 , found 53 1.2775. 
1 '-Dccyl-6 '-phcnyl-1 'H-indolc(2 ',3 '-a] -4-mcthoxy-9//-xanthcnc-9-onc (5.68a) 
f ~ 
OMe 
A m ixture of bromo compound 5.52d (50.9 mg 95.0 ~mol) , phenylboronic acid 
5.56a (23.2 mg, 190 ~mol) , potassium carbonate ( 13 1.3 mg, 950 ~mol ) , and 
tetrakis(tri phenylphosphine)palladium(O) (5.5 mg, 4 .8 ~tmo l ) in to luene-ethano l was 
heated and worked up according to the general procedure. Column chromatography 
(CH2Ch) of the crude product yielded 5.68a (47.0 mg, 93%) a a yellow solid: R_r = 0.63 
(CH2Ch); m p 133- 134 oc ; IR v 3000 (w), 2959 (w), 2918 (m) 2849 (m) 1663 (s) , 16 13 
(m), 1589 (s), 1559 (s), 1484 (s), 1465 (s), 1427 (s), 1366 (s) , 1329 ( ), 1272 (s), 1234 (s), 
1220 (s), 11 70 (s) , I 066 (m), 955 (s), 856 (s), 807 (s) , 766 (s), 75 1 (s), 705 (m) (cm-1) ; 1 I I 
MR (500 Mllz) 8 8.36 (dd, .J = 7.5, 1.6 Ilz, Ill ) , 8.05 (d, J = 8.0 li z, Ill ), 7.95 (s, Ill ), 
7.74- 7.71 (m, 4 11), 7.64 (d , J = 7.9 Hz, Ill), 7.48- 7.52 (m , 31-1), 7.3 7- 7.42 (m, 21!), 5.01 
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(t,J = 7.5 Hz, 21 I), 4.14 (s, 31-I), 1.66- 1.72 (m, 2H), 1.14-1.25 (m, 141-I), 0.84 (t,J = 7.0 
Hz, 3H); 13C NMR ( 125 MHz) 8 177.0, 154.9, 147.8, 143.3 , 142.7, 142.4, 139.0, 134.2, 
132.6, 129.0, I 27.8 , 127.3 , 126.8, I 24. I, I 23.2, I 22.3, I 19.8, 119.5, I I 8.9, 117.8, 11 1.4, 
109.7, 109.0, 57.4, 47.8 , 32.L 29.7, 29.5, 27.0, 22.9, 14.3 ; MS l/\PCI ( )J mlz (%) 532 
(M '' 1 00) ; I IRMS I EI (- ) I calcd for c 361 137 0 3 531.2773, found 53 1.2766. 
1 ' -Dccyl-6 '-phcnyl-1 'H-indolc[2 · ,3 · -al -4-mcthoxy-7-phcnyl-911-xanthcnc-9-onc 
(5.69a) 
OMe 
A mixture of dibromo compound 5.52f (25.3 mg, 41.2 )lmol) phenylboronic acid 
5.66a (20.0 mg, 164 )lmol), potassium carbonate ( 113 mg, 8 I 8 )lmol), and 
tetrakis(triphenylphosphine)palladium(O) (4.7 1 mg, 4.08 )lmol) in toluene-ethanol was 
heated and worked up according to the general procedure. Column chromatography 
(Cl-hCh) of the crude product yielded 5.69a (2 1.5 mg, 86%) as a yellow solid: R1 = 0.66 
(CH2Ch); mp 145- 146 °C; IR v 3039 (w), 30 I I (w), 295 I (w), 2917 (m), 2850 (m), I 66 I 
(s) 1614 (m), 1559 (s), 1509 (m), 1480 (s), 1471 (s), 1435 (s), 1359 (s) 1318 (s), 1258 
(s), 1219 (s), 1192 (s), 1068 (m), 1014 (w), 960 (m), 855 (m), 807 (m), 767 (s), 756 (s), 
695 (s) cm-1; 11 I NMR (500 MHz) 8 8.60 (d, J = 2.0 Hz, I H), 8.08 (d, J = 7.5 Hz, Ill), 
8.00- 7.97 (m, 211), 7.76- 7.72 (m, 61I), 7.54- 7.48 (m, 5H), 7.4 1- 7.37 (m, 21-I), 5.04 (t, J 
= 7.81 Iz, 211), 4.17 (s, 3TI), 1.73- 1.67 (m, 2 I), 1.25- 1.13 (m, 1411), 0.81 (t , J = 7.1 liz, 
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3H); 13C NMR ( 125 MHz) 8 177.0, 154.4, 147.8, 143.4, 142.8, 142.4, 139.8, 139.1 , 
137.3 , 133.1 , 132.6, 129.1, 129.0, 127.9, 127.4, 127.3, 124.7, 123.2, 122.3, 119.9, 119.5, 
119.0, 118.4, 111.4 109.7, 109.0, 57.5, 47.8, 32.0, 29.7, 29.48, 29.46, 27.0, 22.8 , 14.3; 
MS [AP I (+)] m/z (%) 608 (M 1, 100); lfRMS lEI(+)] calcd for C42ll41 03 607.3086, 
found 607.3081. 
1 '-Dccyl-1 'H-indolc[2 ',3 '-a)-4-methoxy-7-(2-thicthyl)-9/1-xanthcnc-9-onc (5.67b) 
'I s 
h 
OMe 
A mixture of bromo compound 5.52b (20.6 mg, 38.5 f..Lmol ), 2-thienylboronic acid 
5.66b (9.72 mg, 76.0 f..Lmol), potassium carbonate (26.2 mg, 190 ~Lmo l), and 
tetrakis(triphenylphosphine)palladium(O) (4.43 mg, 3.83 ~Lmol) in DMF (3 mL) was 
heated at I 00 oc for 24 h and worked up according to the general procedure. Column 
chromatography (60:40 CH2Ch:petroleum ether) of the crude product yielded 5.67b (14.5 
mg, 71%, 26% recovery of SM or 95% borsm) as a yellow solid : R1 = 0.41 (60:40 
CH2Ch:petroleum ether); mp 138- 140 oc; IR v 2956 (s), 29 17 (s), 2850 (s), 1658 (s), 
1611 (m), 1564 (m), 1534 (m), 1492 (s), 1467 (s), 1439 (s), 1322 (s) 1273 (s), 1205 (s), 
1178 (s), 11 29 (s), I 067 (s), 998 (m), 948 (s), 899 (s), 851 (s), 808 (s), 79 1 (s), 739 ( ), 
737 (s). 685 (s) (cm-1 ); 1H NMR (500 Ml lz) 8 8.58 (d, J = 1.4 liz Ill), 8.06 (d, J = 7.9 
Hz, I I I), 8.00- 7.97 (m, 2H), 7.68 (d, J = 9.0 Hz, I H), 7.60 (d, J - 8.0 liz, I H), 7.51 - 7.48 
(m, I H), 7.46- 7.45 (m, I H), 7.34 (dd,.J = 5. 1, 1.6 Hz, 11-l), 7.30 (t,J = 7.3 liz, 1H), 7.14-
7.13 (m, Ill), 4.99 (t, J = 7.5 Hz, 21-l), 4.17 (s, 3H), 1.70- 1.64 (m, 2H), 1.26- 1.14 (m, 
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14H), 0.83 (t, J = 7.5 Hz, 31-l); 13C NMR (125 MI-Iz) 8 176.8, 154.2, 147.7, 143.2, 142.9, 
142.6, 132 .1 , 132.0, 130.1 , 128.4, 125.62, 125 .57, 124.0, 123.32, 123.26, 123.0, 120.1, 
119.3, 11 9.25, 118.5, 11 1.3, 111.2, I 09.2, 57.5, 47.8, 32.1, 29.9, 29.7, 29.48, 29.45, 27.0, 
22.9, 14.3; MS [APCl (+)] mlz (%) 538 (M+, 100); I-IRMS [EI (+)] calcd for C34H35N03S 
537.2338, found 537.2333. 
1 '-Dccyl-6' -(2-thicnyl)-1 'H-indole[2 ',3 '-a]-4-mcthoxy-9H-xanthcnc-9-onc (5.68b) 
OMe 
A mixture of bromo compound S.S2d (20.6 mg, 38.5 J..Lmol), 2-thienylboronic acid 
5.66b (9.72 mg, 76.0 J..Lmol), potassium carbonate (52.4 mg, 379 J..Lmol), and 
tetrakis(triphenylphosphine)palladium(O) (6.62 mg, 5.73 J..Lmol) in dioxane-water (2: I 
mL) were heated at I 00 °C for 2 h and worked up according to the general procedure 
(extraction with EtOAc instead of CH2Cb). Column chromatography (80:20 
CI hCb:pctroleum ether) of the crude product yielded 5.68b ( 14.5 mg, 71 %) as a yellow 
solid: R;- = 0.53 (80:20 CI-bCb: petroleum ether); mp 144- 146 oc; IR v 3069 (w), 2954 
(m), 2921 (s), 2851 (s), 1663 (s), 161 2 (s), 1587 (s), 1562 (s), 1495 (s), 1464 (s), 137 1 (s), 
1330 (s), 1272 (s), 1210 (s), 1146 (m), 1065 (m), 952 (s), 900 (m), 849 (m), 80 I (s), 757 
(s), 719 (s), 683 (s) (cm-1); 1H NMR (500 MHz) 8 8.38 (dd, .J = 7.5, 1.7 Hz, 1 I-I), 8.03 (d, 
J = 7.9 Hz, 11-f), 7.96 (s, ll-1), 7.79 (s, II-I), 7.77- 7.73 (m, 1H), 7.66 (d, .1 = 8.6 Hz, Ill), 
7.57 (dd, J = 8.3, 0.9 l-Iz, 1 H), 7.44- 7.42 (m, 21 I), 7.32 (d, .J = 4.3 llz, 11-1), 7. 14 (dd, J = 
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5.2, 3.8 Hz, Ill), 5.00 (t, J = 7.2 Il z, 211), 4 .17 (s, 3H), 1.70- 1.67 (m, 211), 1.24- 1.15 (m, 
14H), 0.84 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz) 8 177. 1, 155 .0, 147.9, 145.8, 143.2, 
142.9 134.3 , 132.7, 132.1, 128.3, 126.8, 124.8, 124.2, 123.3 , 123 .2, 122.5 , 119.6, 118.9, 
118.88, 117.8, 111.4, I 08.9, 108.4, 57.5, 47.8, 32.1, 29.9, 29.7, 29.5, 29.44, 29.42, 27.0, 
22.9, 14.3; MS IAPCI (+)] m/z (%) 538 (M', 100); HRMS [EI (+)] calcd for C34H35 0 3S 
537.2338, found 537.2333. 
1 · -Dccyl-6 · -(2-thicnyl)-1 · //-indolcl2 · ,3 ·-a 1-4-mcthoxy-7-(2-thicnyl)-911-xanthcnc-9-
one (5.69b) 
s '-':: 
r; s 0 
h 
OMe 
A mixture of dibromo compound 5.52f (1 0.5 mg, 17.1 J.lmol). 2-thienyl boronic 
acid 5.66b (9.2 mg, 71.9 J..lmol), potassium carbonate (25.0 mg, 181 J.lmol), and 
tetrakis(triphenylphosphine)palladium (6.3 1 mg, 5.46 J.lmol) in DMF (4 mL) was heated 
at 120 °C for 26 h and worked up according to the general procedure. Column 
chromatography (60:40 CH2Ch:petroleum ether) of the crude product yielded 5.69b (8.41 
mg, 80%) as a yellow so lid : R1 = 0.46 (60:40 CI 12Ch : petroleum ether); mp 198-200 oc; 
lR v 2954 (m), 292 1 (s), 2852 (s), 1661 (s), 1609 (s), 1563 (s), 1533 (m), 149 1 (s), 1485 
(s), 1368 (s), 130 1 (s), 1275 (s), 1207 (s), 1164 (s), 1065 (m), 1026 (m), 949 (s), 900 (s), 
850 (m), 8 10 (s), 797 (s), 682 (s) (cm-1); 11 I NMR (500 MHz) 8 8.58 (d, J = 2.3 l-Iz, Ill) 
8.03 (d, J = 8.0 llz, 1 H), 7.99 (dd, J = 8.4, 2.0 Hz, I H), 7.97 (s, Ill), 7.80 (s, I H), 7.68 
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(d, J = 8.5 Hz, I I I), 7.57 (dd, J = 8.3, 1.3 liz, I H), 7.46- 7.44 (m, 21-1), 7.35- 7.32 (m, 21 1), 
7.15- 7.13 (m, 2ll), 5.02 (t, J = 7.3 Hz, 211), 4. 18 (s, 3H), 1.73- 1.67 (m, 21-I), 1.23- 1.1 4 
(m, 141I), 0.82 (t, .J = 7.3 Hz, 311); 13C MR ( 125 MHz) 8 176.8, 154.2, 147.8, 145.8, 
143.3 , 143 .1, 142.9, 132.7, 132.1, 132.07, 130.9, 128.5, 128.3, 125.6, 124.9, 124.0, 
123.33, 123.29, 123.25, 122.5 119.7, 119.1 , 119.0, 118.6, 111.3, 108.9, 108.5, 57.5, 47.8, 
32.2, 32.1 , 29.9, 29.7, 29.48, 29.46, 29.42 27.0, 22.8, 14.3; MS IJ\PCI (+)] m/z (%) 620 
(M+, I 00); IIRM [El (+)J calcd for C38I 137N03S2 6 19.22 15, found 6 19.2208. 
1 ' -Decyl-1 'J/-indolcl2 ',3 '-a]-4-mcthoxy-7-(1-pyrcny l)-9/l-xanthcnc-9-onc (5.67c) 
OMe 
J\ mixture of bromo compound 5.52b (10.7 mg, 20.0 )lmol), 1-pyrenylboronic 
acid 5.66c (9.8 mg, 39.8 )l,mol), potassium carbonate (27.6 mg, 200 )lmol), and 
tetrakis(triphenylphosphine)palladium (2.3 mg, 1.99 )lmol) in dioxane-water (2: I mL) 
were heated and worked up according to the general procedure. Column chromatography 
(60:40 CII2 h:petroleum ether) of the crude product yielded 5.67c (13.1 mg, 100%) as a 
yellow solid: R_r = 0.33 (60:40 CH2Ch:petro1eum ether); mp 205- 207 °C; IR v 3034 (w), 
2952 (s), 2921 (s) , 2850 (s), 1650 (s), 1609 (s), 1588 (m), 1565 (s), 1512 (w), 1471 (s) 
1468 (s), 1441 (s) , 1378 (m), 1322 (s), 1267 (s), 1188 (s), 1128 (m), 1092 (s), 1064 (s), 
1020 (s), 973 (s), 960 (s) , 862 (s), 820 (s), 794 (s), 758 (s) , 729 (s), 682 (m) (em· \ 111 
MR (500 Ml lz) 8 8.65 (d, J = 2.1 , If 1), 8.26 (d, J = 7.8 Hz, Ill), 8.23- 8.17 (m, 311), 
8.12 (s, 21-1), 8. 10 8.00 (m, 6H), 7.85 (d, J = 8.5, I H), 7.59 (d, .J = 8.2, I H), 7.49 (t, J = 
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7 .3, !H), 7.31 (t, J = 7.4, 11-I), 4.97 (t, J = 7.4 Hz, 2H), 4.20 (s, 3H), 1.75- 1.67 (m, 2H), 
1.27- 1.08 (m, 14H),0.76(t, J = 7.1 Hz,3H); 13CNMR(125MHz)8177.1 , 154.4, 147.9, 
142.8, 142 .7, 137.4, 136.7, 136.3 , 132.2, 131.7, 131.2, 131.1 , 128.8, 128.2, 128 .1 , 128.09, 
127.9, 127.6, 126.3, 125.6, 125.5, 125.24, 125.22, 125.1 ' 125.03, 125.0, 123.2, 123.0, 
120.1 , 119.8, 119.2, 117.9, 111.5, 111.2, 109.3, 57.6, 47.9, 32.0, 29.9, 29.7, 29.6, 29.5 , 
29.4, 27.0, 22.8, 14.3; MS [APCl (+)] m/z (%) 656 (M+, 100); HRMS [EI (+)] calcd for 
C46J-l41N03 655.3086, found 655 .3087. 
1 '-Dccyl-6 '-(1-pyrcnyl)-1 'H-indolcl2 ',3 '-a]-4-mcthoxy-9H-xanthcnc-9-onc (5.68c) 
OMe 
A mixture of bromo compound 5.52d (I 0.8 111g, 20.2 )lmol), 1-pyrenylboronic 
acid 5.66c (I 0 .0 mg, 40.6 )..1.11101), potassium carbonate (28.2 111g, 204 )ll11ol), and 
tetrakis(triphenylphosphine)palladiu111(0) (2.4 1 mg, 2 .09 )..1.11101) in dioxane-water (2: I 
111L) were heated and worked up according to the general procedure. Column 
chromatography (60:40 CH2Ch:petroleum ether) ofthe crude product yie lded 5.68c (12.2 
111g, 93%) as a yellow solid: R1 = 0.20 (60:40 CH2C)z:petroleum ether); mp 166-167 oc ; 
IR v 3036 (w), 2921 (s), 2851 (111), 1661 (s), 1613 (111), 1587 (111), 1562 (s), 149 1 (111), 
1466 (s), 1442 (s), 1427 (s), 1372 (s), 1331 (s), 1273 (s), 1236 (s), 1204 (s), 1187 (m), 
I 063 (s), 955 (s), 839 (s), 754 (s), 719 (s), 680 (s) (c111-1); 11-1 NMR (500 Ml-Iz) 8 8.39 (d, 
J = 7.8 , 1 H), 8.28 (t, J = 9.3 Hz, 2H), 8.2 1 (dd, J = 7.6, 2.0 Hz, 21-I), 8.17 (d, J = 7.5 Hz, 
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I H), 8.15- 8.09 (m, 31-I) , 8.05- 7.99 (m, 31-I), 7.83 (s, I H), 7.78- 7.72 (m, I H), 7.68 (d, J = 
8.4, !H), 7.57(d,J = 7.9, 1H), 7.43 (t,J = 7.4, 1H), 5.02(t,J = 7.4Hz, 2H), 4.20(s, 3H), 
1. 78- 1.68 (m, 2H), 1.25- 1.10 (m, 14H), 0.80 (t, J = 7.1 Hz, 3H); 13C NMR ( 125 MI-Iz) 8 
177.1, 155.0, 147.9, 143.0, 142.9, 138.8, 138.7, 134.3, 132.6, 131.8, 131.3, 130.8, 129.0, 
128.2, 127.70, 127.69, 127.6, 126.8, 126.3, 125.8, 125.3, 125.28, 125.2, 125.0, 124.8, 
124.2, 123.2, 123.1 , 122.2, 119.1 , 119.0, 117.9, 113.3, 111.5, 109.1 , 57.6, 47.9, 32.0, 
29.9, 29.70, 29.67, 29.6, 29.5 , 27.0, 22.8, 14.3 ; MS [APCI (+)] m/z (%) 656 (M+, 100); 
1-IRMS [EI (+)] calcd for C46H41 N03 655.3086, found 655 .3085. 
1' -Dccyl-6 '-(1-pyrcnyl)-1' H-indolc(2 · ,3 · -al-4-mcthoxy-7-(1-pyrcnyl)-9/f-xanthcnc-9-
onc (5.69c) 
OMe 
A mixture of dibromo compound 5.52f (11.3 mg, 18.4 j.lmol), 1-pyrcnylboronic 
acid 5.66c (17.7 mg, 71.9 j.lmol), potassium carbonate (49.7 mg, 360 ~tmol), and 
tetrakis(triphcnylphosphine)palladium(O) (4.20 mg, 3.63 j.lmol) in dioxane-water (2: I 
mL) were heated at I 00 oc and worked up according to the general procedure. Column 
chromatography (60:40 CH2Cl2 :petroleum ether) of the crude product yielded 5.69c (14.1 
mg, 92%) as a yellow solid : R1 = 0.34 (60:40 CI-hC12 :petroleum ether); mp 235- 237 oc; 
IR v 3040 (w), 2947 (w), 2920 (w), 2845 (w), 1643 (s), 1606 (s), 1565 (s), 1483 (s), 1471 
(s), 1441 (s), 1370 (s), 1307 (s), 1274 (s), 1255 (s), 1195 (s), 1062 (m), 976 (m), 843 (s), 
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834 (s), 722 (s), 680 (s) (cm-1) ; 1H NMR (500 MHz) 8 8.67 (d, J = 2. 1 Hz, 1 H), 8.32- 8.01 
(m, 2 I H), 7.90 (d, J = 8.6 Hz, I H), 7.84 (s, 11-I), 7.6 I (dd, J = 7.9, 0.9 Hz, I H), 5.03 (t, J 
= 7.4 Hz, 2H), 4.27 (s, 31-1), 1.81- 1.73 (m, 2H), 1.22- 1.0 1 (m, 14H), 0.7 1 (t, J = 7.1 Hz, 
3H); 13C MR (150 MIIz, { 1H} CPMAS (cross-polarization under magic angle 
spinning), using 100 kHz of 1 H decoup1ing and 62.5 kHz for the Hartmann-Hahn 
matching condition. The spectrum was collected at room temperature (298 K) with a 
spinning rate u = 20 kHz and 10240 scans) 8 172.4, 148.8, 142.3, 137.7, I33.9, I32.0, 
129.2, 123 .7, I20.4, 118.3, 113 .9, Il0.2, I05 .8, 54.9, 47.4, 28.5, 25.I , 17.9 (44 signals 
fewer than expected); MS [APCI (+)] mlz (%) 856 (M+, I 00); HRMS [El (+)] calcd for 
C62l-I49N03 855.371 2, found 855.3709. 
5.5.2 Crystallographic Data for Compounds 5.39-5.42. 
X-ray crystallographic analysis for compounds 5.39, 5.40, 5.41 , and 5.42 were 
performed by Dr. Dieter Schollmeyer, University of Mainz, Germany. The text and data 
given below were taken from the reports provided by Dr. Schollmeyer. 
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1 'H- lndole[2' ,3'-1,2]-4-methoxy-9H--9-one (5.39) 
formula 
molecular weight 
absorption 
crystal size 
space group 
lattice parameters 
(calculate from 25 
reflections with 
temperature 
density 
Crystal data for JM55F2 (J. Moritz AK Witulski) 
C2oH13N20 3 
315.3 gmor1 
ll = 0.82 mm-1 
0.03 x 0.03 x 0.8 mm3 yellow green needle 
C 2/c (monoclinic) 
a = 25.261 (3)A 
b = 4.8097(4)A 
c = 23.376(3)A 
v = 2819.0(6)A3 
-80°C 
dxray = 1.486 gcm-3 
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~ = 97.00(2)0 
Z=8 F(OOO) =131 2 
diffractometer 
radiation 
scan type 
scan - width 
scan range 
number of reOections: 
measured 
untque 
observed 
data collection 
Turbo CAD4 
Cu-Ka graphite monochromator 
ro/20 
1.1 + 0. 16*-ra.v(et 
2° s e < 70° 
0 S h S 30 0 S k S 5 -28 S I S 28 
3085 
2667 (R0 = 0.2059) 
1300 (lfl/cr(F) > 4.0) 
Chapter 5 
corrections 
Structure so lution 
daten correction, structure solution and refinement 
Lorentz and polarisation correction . 
Program: S lR-97 (Direct methods) 
refinement 
R-values 
goodness of fit 
maximum deviation 
of parameters 
maximum peak height in 
diff. Fourier synthesis 
Program: SHELXL-97 (fu ll matri x). 2 18 refined 
parameters, weighting scheme: 
- ll[cr\l~ o2) + (0.2*PYI 
with (Max(F0 2,0)+2*F/ )13. I-1-atoms at calculated 
positions and refined with isotropic displacement 
parameters, non H- atoms refined ani sotropically. 
wR2 = 0.3788 (RJ =0.1236 for observed 
renections 0.2 190 for all reOections) 
S = I.131 
0.00 I * e.s.d 
0.82, -0.78 ek3 
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Table of bond /envtlts 
Entry Atom1 Atom2 Length A 
1 C1 C2 1.4064 
2 C1 C6 1.3676 
3 C1 C21 1.4653 
4 C2 H2 0.9300 
5 C2 C3 1.3743 
6 C3 H3 0.9300 
7 C3 C4 1.3676 
8 C4 H4 0.9300 
9 C4 C5 1.3903 
10 C5 H5 0.9300 
11 C5 C6 1.3979 
12 C6 0 7 1.3799 
13 0 7 C8 1.3666 
14 C8 C9 1.4212 
15 C8 C20 1.3837 
16 C9 C10 1.3978 
17 C9 022 1.3459 
18 C10 H10 0.9300 
19 C10 C11 1.3951 
20 C11 C12 1.4392 
21 C11 C19 1.4274 
22 C12 C13 1.4082 
23 C12 C17 1.4034 
24 C13 H13 0.9300 
25 C13 C14 1.3844 
26 C14 H14 0.9300 
27 C14 C15 1.3822 
28 C15 H15 0.9300 
29 C15 C16 1.3919 
30 C16 H16 0.9300 
31 C16 C17 1.3857 
32 C1 7 N18 1.3864 
33 N18 H18 1.0363 
34 N18 C19 1.3498 
35 C19 C20 1.4144 
36 C20 C21 1.4532 
37 C21 024 1.2393 
38 022 C23 1.4407 
39 C23 H23A 0.9600 
40 C23 H23B 0.9600 
41 C23 H23C 0.9600 
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Table of torsion angles 
Entry Atom1 Atom2 Atom3 Atom4 Torsion angle (0 ) 
1 C6 C1 C2 H2 -179.87 
2 C6 C1 C2 C3 0.13 
3 C21 C1 C2 H2 0.76 
4 C21 C1 C2 C3 -179.24 
5 C2 C1 C6 C5 0.52 
6 C2 C1 C6 07 -177.79 
7 C21 C1 C6 C5 179.9 
8 C21 C1 C6 07 1.58 
9 C2 C1 C21 C20 178.44 
10 C2 C1 C21 024 -0.97 
11 C6 C1 C21 C20 -0.91 
12 C6 C1 C21 024 179.67 
13 C1 C2 C3 H3 178.71 
14 C1 C2 C3 C4 -1.29 
15 H2 C2 C3 H3 -1.29 
16 H2 C2 C3 C4 178.71 
17 C2 C3 C4 H4 -178.17 
18 C2 C3 C4 C5 1.83 
19 H3 C3 C4 H4 1.83 
20 H3 C3 C4 C5 -178.17 
21 C3 C4 C5 H5 178.84 
22 C3 C4 C5 C6 -1.16 
23 H4 C4 C5 H5 -1.16 
24 H4 C4 C5 C6 178.84 
25 C4 C5 C6 C1 -0.02 
26 C4 C5 C6 0 7 178.43 
27 H5 C5 C6 C1 179.98 
28 H5 C5 C6 07 -1.57 
29 C1 C6 07 C8 -1.48 
30 C5 C6 07 C8 -179.91 
31 C6 0 7 C8 C9 179.6 
32 C6 0 7 C8 C20 0.74 
33 0 7 C8 C9 C10 179.43 
34 0 7 C8 C9 022 -0.62 
35 C20 C8 C9 C10 -1.71 
36 C20 C8 C9 022 178.23 
37 0 7 C8 C20 C19 178.82 
38 0 7 C8 C20 C21 -0.16 
39 C9 C8 C20 C19 0.07 
40 C9 C8 C20 C21 -178.92 
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41 C8 C9 C10 H10 -177.87 
42 C8 C9 C10 C11 2.13 
43 022 C9 C10 H10 2.19 
44 022 C9 C10 C11 -177.81 
45 C8 C9 022 C23 -166.77 
46 C10 C9 022 C23 13.17 
47 C9 C10 C11 C12 179.3 
48 C9 C10 C11 C19 -0.98 
49 H10 C10 C11 C12 -0.7 
50 H10 C10 C11 C19 179.02 
51 C10 C11 C1 2 C13 -2.76 
52 C10 C1 1 C12 C17 -178.67 
53 C19 C1 1 C12 C13 177.49 
54 C19 C1 1 C12 C17 1.58 
55 C10 C1 1 C19 N18 179.31 
56 C10 C1 1 C19 C20 -0.69 
57 C12 C11 C19 N18 -0.9 
58 C1 2 C1 1 C19 C20 179.1 
59 C11 C12 C13 H13 1.19 
60 C11 C1 2 C13 C14 -178.81 
61 C1 7 C1 2 C13 H13 176.71 
62 C1 7 C1 2 C13 C14 -3.29 
63 C11 C1 2 C17 C16 -179.29 
64 C11 C1 2 C1 7 N18 -1.72 
65 C13 C12 C1 7 C16 4.11 
66 C13 C12 C1 7 N18 -178.31 
67 C12 C13 C14 H14 -179.05 
68 C12 C13 C14 C15 0.95 
69 H1 3 C13 C14 H14 0.95 
70 H13 C13 C14 C15 -179.05 
71 C13 C14 C15 H15 -179.21 
72 C13 C14 C15 C16 0.79 
73 H14 C14 C15 H15 0.79 
74 H14 C14 C15 C16 -179.21 
75 C14 C15 C16 H16 179.89 
76 C14 C15 C16 C17 -0.11 
77 H15 C1 5 C16 H16 -0.11 
78 H15 C1 5 C16 C17 179.89 
79 C15 C16 C1 7 C12 -2.36 
80 C15 C16 C17 N18 -179.41 
81 H16 C16 C1 7 C12 177.64 
82 H16 C16 C17 N18 0.59 
83 C1 2 C1 7 N18 H18 164.79 
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84 C12 C17 N18 C19 
85 C16 C17 N18 H18 
86 C16 C17 N18 C19 
87 C17 N18 C19 C11 
88 C17 N18 C19 C20 
89 H18 N18 C19 C11 
90 H18 N18 C19 C20 
91 C11 C19 C20 C8 
92 C11 C19 C20 C21 
93 N18 C19 C20 C8 
94 N18 C19 C20 C21 
95 C8 C20 C21 C1 
96 C8 C20 C21 024 
97 C19 C20 C21 C1 
98 C19 C20 C21 024 
99 C9 022 C23 H23A 
100 C9 022 C23 H23B 
101 C9 022 C23 H23C 
1 'H- I ndolc[3 ',2 '-2,3 ]-4-mcthoxy-9/l--9-onc (5.40) 
formula 
I' I I 
: .J 
'·' 
Crystal data for JM077F3 (.J. Moritz AK Witulski) 
C2oi-l13 N 0 3 
343 
Chapter 5 
1.18 
-17.83 
178.55 
-0.14 
179.86 
-161.47 
18.54 
1.13 
-179.9 
-178.88 
0.09 
0.23 
179.65 
-178.72 
0.7 
-70.32 
169.68 
49.68 
molecular weight 
absorption 
crystal size 
space group 
lattice parameters 
(calculate from 25 
reflections with 
temperature 
density 
diffractometer 
radiation 
scan type 
scan - width 
scan range 
number of reflections: 
measured 
untque 
observed 
315.3 gmor' 
fl = 0.80 mm-1 
0.1 x 0.1 x 0.5 mm3 colourless needle 
P 21/c (monoclinic) 
a 4.684(3)A 
b 20. 1 06(8)A ~ 90.30(7)0 
c = 15.321 (8)A 
Chapter 5 
v 1443(l)A3 Z = 4 f(OOO) = 656 
-80 oc 
d'<ray = 1.452 gcm-3 
data collection 
Turbo CJ\04 
Cu-Ka graphite monochromator 
w/28 
0.9 t- 0.15*-rav(et 
-5 < h ::::; 0 0 ::::; k ::::; 24 -18 ::::; I < 18 
3188 
2736 (Rcr = 0.0686) 
206 1 CIFI/cr(f) > 4.0) 
daten correction, structure solution and refinement 
corrections 
Structure so lution 
refinement 
Lorentz and polarisation correction. 
Program: SIR-97 (Direct methods) 
Program: SI IELXL-97 (full matrix). 2 18 refined 
parameters, weighting scheme: 
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R-values 
goodness of fit 
maximum deviation 
or parameters 
maximum peak height in 
diff. Fourier synthesis 
Table of bond lengths 
Entry 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Atom1 
01 
01 
C2 
C2 
C3 
C3 
C4 
C4 
C5 
C5 
C6 
C6 
C7 
C8 
C8 
C9 
C9 
C10 
C10 
C11 
C11 
C12 
C12 
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- l / [cr2(F0 2) + (0 .0652*P)2+0.35*P] 
with (Max(F02,0)+2*F0 2)/3. H-atoms at calculated 
positions and refined with isotropic displacement 
parameters, non H- atoms refined anisotropically. 
wR2 = 0.1298 (Rl =0.0464 for observed 
reflections, 0.0671 for all reflections) 
s = 1.039 
0.001 * e.s.d 
0.2 1, -0.32 eA-3 
Atom2 Length (A) 
C2 1.3683 
C21 1.3741 
C3 1.3916 
C7 1.3910 
H3 0.9500 
C4 1.3772 
H4 0.9500 
C5 1.3955 
H5 0.9500 
C6 1.3728 
H6 0.9500 
C7 1.4089 
C8 1.4606 
C9 1.459 
022 1.2300 
C10 1.3961 
C21 1.4084 
H10 0.9500 
C11 1.3744 
C12 1.4457 
C19 1.4246 
C13 1.3939 
C17 1.4010 
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24 C13 H13 0.9500 
25 C13 C1 4 1.3868 
26 C14 H14 0.9500 
27 C14 C1 5 1.3936 
28 C15 H1 5 0.9500 
29 C15 C16 1.3831 
30 C16 H16 0.9500 
31 C16 C1 7 1.3974 
32 C1 7 N18 1.3894 
33 N18 H18 0.9676 
34 N18 C19 1.3725 
35 C19 C20 1.3904 
36 C20 C21 1.3969 
37 C20 0 23 1.3758 
38 0 23 C24 1.435 
39 C24 H24A 0.9800 
40 C24 H24B 0.9800 
41 C24 H24C 0.9800 
Table oftorsion angles 
Entry Atom1 Atom2 Atom3 Atom4 Torsion angles (0 ) 
1 C21 0 1 C2 C3 179.83 
2 C21 0 1 C2 C7 -0.43 
3 C2 0 1 C21 C9 1.79 
4 C2 0 1 C21 C20 -178.39 
5 01 C2 C3 H3 0.45 
6 01 C2 C3 C4 -179.55 
7 C7 C2 C3 H3 -179.29 
8 C7 C2 C3 C4 0.71 
9 01 C2 C7 C6 -179.67 
10 01 C2 C7 C8 0.2 
11 C3 C2 C7 C6 0.05 
12 C3 C2 C7 C8 179.92 
13 C2 C3 C4 H4 179.21 
14 C2 C3 C4 C5 -0.79 
15 H3 C3 C4 H4 -0.79 
16 H3 C3 C4 C5 179.21 
17 C3 C4 C5 H5 -179.9 
18 C3 C4 C5 C6 0.1 
19 H4 C4 C5 H5 0.1 
20 H4 C4 C5 C6 -179.9 
21 C4 C5 C6 H6 -179.31 
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22 C4 C5 C6 C7 0.69 
23 H5 C5 C6 H6 0.69 
24 H5 C5 C6 C7 -179.31 
25 C5 C6 C7 C2 -0.75 
26 C5 C6 C7 C8 179.38 
27 H6 C6 C7 C2 179.24 
28 H6 C6 C7 C8 -0.62 
29 C2 C7 C8 C9 -1.19 
30 C2 C7 C8 022 179 
31 C6 C7 C8 C9 178.67 
32 C6 C7 C8 022 -1.13 
33 C7 C8 C9 C10 -177.34 
34 C7 C8 C9 C21 2.46 
35 022 C8 C9 C10 2.46 
36 022 C8 C9 C21 -177.73 
37 C8 C9 C10 H10 2.21 
38 C8 C9 C10 C11 -177.79 
39 C21 C9 C10 H10 -177.6 
40 C21 C9 C10 C11 2.4 
41 C8 C9 C21 01 -2.87 
42 C8 C9 C21 C20 177.32 
43 C10 C9 C21 01 176.94 
44 C10 C9 C21 C20 -2.88 
45 C9 C10 C11 C12 179.38 
46 C9 C10 C11 C19 0.86 
47 H10 C10 C11 C12 -0.62 
48 H10 C10 C11 C19 -179.14 
49 C10 C11 C12 C13 3.61 
50 C10 C11 C12 C17 -177.53 
51 C19 C11 C1 2 C13 -177.73 
52 C19 C11 C1 2 C1 7 1.13 
53 C10 C11 C19 N18 177.61 
54 C10 C11 C19 C20 -3.91 
55 C1 2 C11 C19 N18 -1.29 
56 C12 C11 C19 C20 177.2 
57 C11 C12 C13 H13 -1.08 
58 C11 C12 C13 C14 178.92 
59 C1 7 C1 2 C13 H13 -179.82 
60 C17 C12 C13 C14 0.18 
61 C11 C12 C1 7 C16 -179.7 
62 C11 C12 C17 N18 -0.58 
63 C1 3 C12 C1 7 C16 -0.66 
64 C13 C12 C17 N18 178.47 
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65 C12 C13 C14 H14 -179.7 
66 C1 2 C13 C14 C15 0.3 
67 H13 C13 C14 H14 0.3 
68 H13 C13 C14 C15 -179.7 
69 C13 C14 C15 H15 179.66 
70 C13 C14 C15 C16 -0.34 
71 H14 C14 C15 H15 -0.34 
72 H14 C14 C15 C16 179.66 
73 C14 C15 C16 H16 179.88 
74 C14 C15 C16 C17 -0.12 
75 H15 C15 C16 H16 -0.12 
76 H15 C15 C16 C17 179.88 
77 C1 5 C16 C17 C12 0.62 
78 C15 C16 C17 N18 -178.32 
79 H16 C16 C17 C12 -179.38 
80 H16 C16 C17 N18 1.68 
81 C12 C17 N18 H18 -173.19 
82 C12 C17 N18 C19 -0.22 
83 C16 C17 N18 H18 5.85 
84 C16 C17 N18 C19 178.82 
85 C17 N18 C19 C11 0.96 
86 C17 N18 C19 C20 -177.38 
87 H18 N18 C19 C11 174.06 
88 H18 N18 C19 C20 -4.28 
89 C11 C19 C20 C21 3.41 
90 C11 C19 C20 023 -172.7 
91 N18 C19 C20 C21 -178.43 
92 N18 C19 C20 023 5.45 
93 C19 C20 C21 01 -179.87 
94 C19 C20 C21 C9 -0.04 
95 023 C20 C21 01 -3.87 
96 023 C20 C21 C9 175.95 
97 C19 C20 023 C24 -114.49 
98 C21 C20 023 C24 69.64 
99 C20 023 C24 H24A -58.91 
100 C20 023 C24 H248 -178.91 
101 C20 023 C24 H24C 61 .09 
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1 '-N-Ethyl-indole[3' ,2'-2,3]-4-methoxy-9H--9-one (5.41) 
formula 
molecular weight 
absorption 
crystal size 
space group 
lattice parameters 
(calculate from 
530 reflections with 
temperature 
density 
Dl On ~23A 
0? A '• 
c= :::::Jl 
di:26A 
Crystal data for JM55 (J. Moritz AK Witulski) 
C22H17N203 
343.37 gmor1 
ll = 0.09 mm-1 
0.04 x 0.04 x 0.45 mrn3 yellow green plate 
P -1 (triklin) 
a = 8.1957(6)A 
b = 10.0386(8)A 
c = 20.494(2)A 
v = 1653.2(3)A3 
-80°C 
dxray = 1.38 gcm-3 
349 
a = 93.201(6)0 
~ = 89.990(6)0 
y = 100.870(6)0 
Z = 4 F(OOO) = 720 
diffractometer 
radiation 
scan type 
scan - width 
scan range 
number of reflections: 
measured 
un1que 
observed 
------- ------
data collection 
SMARTCCD 
Mo-Ka graphite monochromator 
co,cp- scans 
0.5° 
2°S 0 < 28.15° 
-10 S h S 10 -13 S k S 13 -26 S I S 24 
15999 
7940(R0 = 0.1873) 
1749 (lfl/cr(F) > 4.0) 
Chapter 5 
corrections 
Structure solution 
daten correction, structure solution and refinement 
Lorentz and polarisation correction. 
Program : SIR-97 (Direct methods) 
refinement 
R-values 
goodness of fit 
maximum deviation 
of parameters 
maximum peak height in 
diff. Fourier synthesis 
Program: SHELXL-97 (full matrix). 472 refined 
parameters, weighting scheme: 
- 1/fcr2(F0 2) (0.071 *P)2l 
with (Max(F0 2,0)+2*F0 2)/3. H.-atoms at calculated 
positions and refined with isotropic displacement 
parameters, non H- atoms refined anisotropically. 
wR2 = 0.1961 (R I =0.0518 for observed 
reflections, 0.2814 for all reflections) 
s = 0.602 
0.001 * e.s.d 
0.22, -0.25 eA-3 
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Table ofbond lengths 
Entry Atom1 Atom2 Length (A) 
1 N1A C2A 1.3945 
2 N1A C21A 1.3920 
3 N1A C22A 1.4562 
4 C2A C3A 1.4006 
5 C2A C7A 1.3907 
6 C3A H3A 0.9500 
7 C3A C4A 1.3866 
8 C4A H4A 0.9500 
9 C4A C5A 1.3864 
10 C5A H5A 0.9500 
11 C5A C6A 1.3815 
12 C6A H6A 0.9500 
13 C6A C7A 1.4077 
14 C7A C8A 1.4498 
15 C8A C9A 1.3806 
16 C8A C21A 1.4156 
17 C9A H9A 0.9500 
18 C9A C10A 1.3923 
19 C10A C11A 1.4763 
20 C10A C19A 1.4095 
21 C11A C12A 1.4619 
22 C11A 024A 1.2449 
23 C12A C13A 1.4052 
24 C12A C1 7A 1.3816 
25 C13A H13A 0.9500 
26 C13A C14A 1.3773 
27 C14A H14A 0.9500 
28 C14A C15A 1.4002 
29 C15A H15A 0.9500 
30 C15A C16A 1.3901 
31 C16A H16A 0.9500 
32 C16A C17A 1.3924 
33 C17A 018A 1.3763 
34 018A C19A 1.3814 
35 C19A C20A 1.3919 
36 C20A C21A 1.3882 
37 C20A 025A 1.3919 
38 C22A H22A 0.9900 
39 C22A H22B 0.9900 
40 C22A C23A 1.5220 
41 C23A H23A 0.9800 
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42 C23A H238 0.9800 
43 C23A H23C 0.9800 
44 025A C26A 1.4605 
45 C26A H26A 0.9800 
46 C26A H268 0.9800 
47 C26A H26C 0.9800 
48 N18 C28 1.3988 
49 N18 C218 1.3806 
50 N18 C228 1.4637 
51 C28 C38 1.3947 
52 C28 C78 1.4070 
53 C38 H38 0.9500 
54 C38 C48 1.3792 
55 C48 H48 0.9500 
56 C48 C58 1.3909 
57 C58 H58 0.9500 
58 C58 C68 1.3930 
59 C68 H68 0.9500 
60 C68 C78 1.3860 
61 C78 C88 1.4553 
62 C88 C98 1.4004 
63 C88 C218 1.4006 
64 C98 H98 0.9500 
65 C98 C108 1.4028 
66 C108 C118 1.4645 
67 C108 C198 1.3953 
68 C118 C1 28 1.4635 
69 C118 0 248 1.2390 
70 C128 C138 1.4138 
71 C1 28 C1 78 1.3758 
72 C138 H138 0.9500 
73 C1 38 C148 1.3737 
74 C148 H148 0.9500 
75 C148 C158 1.3820 
76 C158 H1 58 0.9500 
77 C158 C168 1.3896 
78 C1 68 H168 0.9500 
79 C168 C1 78 1.3993 
80 C1 78 0188 1.3870 
81 0188 C198 1.3849 
82 C198 C20B 1.4059 
83 C208 C21B 1.4011 
84 C208 0 258 1.3857 
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85 C22B H22C 0.9900 
86 C22B H22D 0.9900 
87 C22B C23B 1.5218 
88 C23B H23D 0.9800 
89 C23B H23E 0.9800 
90 C23B H23F 0.9800 
91 0258 C26B 1.4445 
92 C26B H26D 0.9800 
93 C26B H26E 0.9800 
94 C26B H26F 0.9800 
Table oftorsion angles 
Entry Atom1 Atom2 Atom3 Atom4 Torsion angles n 
1 C21A N1A C2A C3A 179.03 
2 C21A N1A C2A C7A -0.7 
3 C22A N1A C2A C3A 0.86 
4 C22A N1A C2A C7A -178.88 
5 C2A N1A C21A C8A 1.22 
6 C2A N1A C21A C20A -178.55 
7 C22A N1A C21A C8A 179.32 
8 C22A N1A C21A C20A -0.45 
9 C2A N1A C22A H22A -30.66 
10 C2A N1A C22A H22B -148.05 
11 C2A N1A C22A C23A 90.65 
12 C21 A N1A C22A H22A 151 .54 
13 C21A N1A C22A H22B 34.15 
14 C21A N1A C22A C23A -87.16 
15 N1A C2A C3A H3A 0.23 
16 N1A C2A C3A C4A -179.77 
17 C7A C2A C3A H3A 179.94 
18 C7A C2A C3A C4A -0.06 
19 N1A C2A C7A C6A 179.98 
20 N1A C2A C7A C8A -0.08 
21 C3A C2A C7A C6A 0.22 
22 C3A C2A C7A C8A -179.83 
23 C2A C3A C4A H4A 179.91 
24 C2A C3A C4A C5A -0.09 
25 H3A C3A C4A H4A -0.09 
26 H3A C3A C4A C5A 179.91 
27 C3A C4A C5A H5A -179.93 
28 C3A C4A C5A C6A 0.07 
29 H4A C4A C5A H5A 0.07 
30 H4A C4A C5A C6A -179.93 
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31 C4A C5A C6A H6A -179.91 
32 C4A C5A C6A C7A 0.1 
33 H5A C5A C6A H6A 0.09 
34 H5A C5A C6A C7A -179.91 
35 C5A C6A C7A C2A -0.24 
36 C5A C6A C7A C8A 179.83 
37 H6A C6A C7A C2A 179.76 
38 H6A C6A C7A C8A -0.17 
39 C2A C7A C8A C9A 178.8 
40 C2A C7A C8A C21A 0.8 
41 C6A C7A C8A C9A -1.27 
42 C6A C7A C8A C21A -179.26 
43 C7A C8A C9A H9A 1.11 
44 C7A C8A C9A C10A -178.89 
45 C21A C8A C9A H9A 178.87 
46 C21A C8A C9A C10A -1 .13 
47 C7A C8A C21A N1A -1.25 
48 C7A C8A C21A C20A 178.55 
49 C9A C8A C21A N1A -179.55 
50 C9A C8A C21A C20A 0.25 
51 C8A C9A C10A C11A 178.15 
52 C8A C9A C10A C19A 2.68 
53 H9A C9A C10A C11A -1.85 
54 H9A C9A C10A C19A -177.32 
55 C9A C10A C11A C12A -178.03 
56 C9A C10A C11A 024A 4.47 
57 C19A C10A C11A C12A -2.53 
58 C19A C10A C11A 024A 179.97 
59 C9A C10A C19A 018A 177.13 
60 C9A C10A C19A C20A -3.47 
61 C11A C10A C19A 018A 1.59 
62 C11A C10A C19A C20A -179.01 
63 C10A C11A C12A C13A -179.61 
64 C10A C11A C12A C17A 1.95 
65 0 24A C11A C12A C13A -2. 13 
66 024A C11A C12A C1 7A 179.43 
67 C11A C12A C13A H13A 2.36 
68 C11A C12A C13A C14A -177.64 
69 C17A C12A C13A H13A -179.16 
70 C1 7A C12A C13A C14A 0.84 
71 C11A C12A C1 7A C16A 179.22 
72 C11A C12A C1 7A 018A -0.34 
73 C13A C12A C17A C16A 0.74 
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74 C13A C12A C17A 018A -178.82 
75 C12A C13A C14A H14A 178.4 
76 C12A C13A C14A C15A -1 .6 
77 H13A C13A C14A H14A -1.6 
78 H13A C13A C14A C15A 178.4 
79 C13A C14A C15A H15A -179.2 
80 C13A C14A C15A C16A 0.8 
81 H14A C14A C15A H15A 0.8 
82 H14A C14A C15A C16A -179.2 
83 C14A C15A C16A H16A -179.28 
84 C14A C15A C16A C17A 0.72 
85 H15A C15A C16A H16A 0.72 
86 H15A C15A C16A C17A -179.28 
87 C15A C16A C17A C12A -1.51 
88 C15A C16A C1 7A 018A 178.08 
89 H16A C16A C17A C12A 178.49 
90 H16A C16A C17A 018A -1.92 
91 C12A C1 7A 018A C19A -0.78 
92 C16A C17A 018A C19A 179.64 
93 C1 7A 018A C19A C10A 0.11 
94 C1 7A 018A C19A C20A -179.32 
95 C10A C19A C20A C21A 2.52 
96 C10A C19A C20A 025A 174.89 
97 018A C19A C20A C21A -178.05 
98 018A C19A C20A 025A -5.67 
99 C19A C20A C21A N1A 178.84 
100 C19A C20A C21A C8A -0.91 
101 025A C20A C21A N1A 6.6 
102 025A C20A C21A C8A -173.15 
103 C19A C20A 025A C26A 71.61 
104 C21A C20A 025A C26A -116.38 
105 N1A C22A C23A H23A 179.97 
106 N1A C22A C23A H23B 59.97 
107 N1A C22A C23A H23C -60.03 
108 H22A C22A C23A H23A -58.72 
109 H22A C22A C23A H23B -178.72 
110 H22A C22A C23A H23C 61 .28 
111 H22B C22A C23A H23A 58.67 
112 H22B C22A C23A H23B -61 .34 
113 H22B C22A C23A H23C 178.66 
114 C20A 025A C26A H26A -62.88 
115 C20A 0 25A C26A H26B 177.12 
116 C20A 025A C26A H26C 57.12 
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117 C21B N1B C2B C3B 178.73 
118 C21B N1B C2B C7B 0.79 
119 C22B N1B C2B C3B 4.73 
120 C22B N1B C2B C7B -173.21 
121 C2B N1B C21B C8B -1 .05 
122 C2B N1B C21B C20B -179.76 
123 C22B N1B C21B C8B 172.38 
124 C22B N1B C21B C20B -6.33 
125 C2B N1B C22B H22C 156.34 
126 C2B N1B C22B H22D 38.7 
127 C2B N1B C22B C23B -82.48 
128 C21B N1B C22B H22C -16.21 
129 C21B N1B C22B H22D -133.86 
130 C21 B N1B C22B C23B 104.97 
131 N1B C2B C3B H3B 1.5 
132 N1B C2B C3B C4B -178.5 
133 C7B C2B C3B H3B 179.23 
134 C7B C2B C3B C4B -0.77 
135 N1B C2B C7B C6B 178.71 
136 N1B C2B C7B C8B -0.23 
137 C3B C2B C7B C6B 0.62 
138 C3B C2B C7B C8B -178.31 
139 C2B C3B C4B H4B -179.37 
140 C2B C3B C4B C5B 0.63 
141 H3B C3B C4B H4B 0.63 
142 H3B C3B C4B C5B -179.37 
143 C3B C4B C5B H5B 179.66 
144 C3B C4B C5B C6B -0.34 
145 H4B C4B C5B H5B -0.34 
146 H4B C4B C5B C6B 179.66 
147 C4B C5B C6B H6B -179.83 
148 C4B C5B C6B C7B 0.17 
149 H5B C5B C6B H6B 0.17 
150 H5B C5B C6B C7B -179.83 
151 C5B C6B C7B C2B -0.31 
152 C5B C6B C7B C8B 178.23 
153 H6B C6B C7B C2B 179.69 
154 H6B C6B C7B C8B -1.77 
155 C2B C7B C8B C9B 178.08 
156 C2B C7B C8B C21B -0.41 
157 C6B C78 C88 C98 -0.6 
158 C68 C78 C8B C218 -179.09 
159 C78 C8B C9B H9B 1.15 
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160 C78 C88 C98 C108 -178.85 
161 C218 C88 C98 H98 179.46 
162 C218 C88 C98 C108 -0.54 
163 C78 C88 C218 N18 0.91 
164 C78 C88 C218 C208 179.75 
165 C98 C88 C218 N18 -177.77 
166 C98 C88 C218 C208 1.07 
167 C88 C98 C108 C118 176.77 
168 C88 C98 C108 C198 -0.19 
169 H98 C98 C108 C118 -3.23 
170 H98 C98 C108 C198 179.81 
171 C98 C108 C118 C128 176.97 
172 C98 C108 C118 0248 -4.38 
173 C198 C108 C118 C128 -6 09 
174 C198 C108 C118 0248 172.55 
175 C98 C108 C198 0188 179.89 
176 C98 C108 C198 C208 0.42 
177 C118 C108 C198 0188 2.92 
178 C11 8 C108 C198 C208 -176.55 
179 C108 C118 C128 C138 -175.41 
180 C108 C118 C128 C178 4.78 
181 0248 C118 C128 C138 5.96 
182 0248 C118 C128 C178 -173.85 
183 C118 C128 C138 H138 1.26 
184 C118 C128 C138 C148 -178.74 
185 C178 C128 C138 H138 -178.92 
186 C178 C128 C138 C148 1.08 
187 C11 8 C128 C178 C168 176.39 
188 C118 C128 C178 0188 -0.08 
189 C138 C128 C178 C168 -3.43 
190 C138 C128 C178 0188 -179.9 
191 C128 C138 C148 H148 -179.51 
192 C128 C138 C148 C158 0.49 
193 H138 C138 C148 H148 0.49 
194 H138 C138 C148 C158 -179.51 
195 C138 C148 C158 H158 -179.8 
196 C138 C148 C158 C168 0.2 
197 H148 C148 C158 H158 0.2 
198 H148 C148 C158 C168 -179.8 
199 C148 C158 C168 H168 177.61 
200 C148 C158 C168 C178 -2.39 
201 H158 C158 C168 H168 -2.39 
202 H158 C158 C168 C178 177.61 
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203 C158 C168 C178 C128 4.06 
204 C158 C168 C178 0188 -179.2 
205 H168 C168 C178 C128 -175.94 
206 H168 C168 C178 0188 0.8 
207 C128 C178 0188 C198 -3.48 
208 C168 C178 0188 C198 179.81 
209 C178 0188 C198 C108 2.02 
210 C178 0188 C198 C208 -178.47 
211 C108 C198 C208 C218 0.09 
212 C108 C198 C208 0258 174.44 
213 0188 C198 C208 C218 -179.43 
214 0188 C198 C208 0258 -5.08 
215 C198 C208 C218 N18 177.76 
216 C198 C208 C218 C88 -0.82 
217 0258 C208 C218 N18 3.47 
218 0258 C208 C218 C88 -175.11 
219 C198 C208 0258 C268 74.86 
220 C218 C208 0258 C268 -111 .05 
221 N18 C228 C238 H23D -64.81 
222 N18 C228 C238 H23E 175.19 
223 N18 C228 C238 H23F 55.19 
224 H22C C228 C238 H23D 56.37 
225 H22C C228 C238 H23E -63.63 
226 H22C C228 C238 H23F 176.37 
227 H22D C228 C238 H23D 174.02 
228 H22D C228 C238 H23E 54.02 
229 H22D C228 C238 H23F -65.98 
230 C208 0258 C268 H26D -66.64 
231 C208 0258 C268 H26E 173.36 
232 C208 0258 C268 H26F 53.36 
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1 '-Methyl-1 'H-indole[2 ',3 '-a]-4-methoxy-9H-xanthene-9-one (5.42) 
formula 
Crystal data for Dat031 (Anh-Thu Dang AK Witulski) 
C2,H,sN0 3 
molecular weight 
absorption 
crystal size 
space group 
lattice parameters 
(calculate from 
reflections with 25 
329.3 gmor' 
1-l = 0.79 mm-1 
0.1 x 0.1 x 0.4 mm3 light yellow needle 
P 2/c (monoclinic) 
a= 15.125(1)A 
~ = 91.258(7)0 
Chapter 5 
b = 4.886(4)A 
c = 20.397(l)A 
v = 1507.8(2)A3 
-80°C 
Z = 4 F(OOO) = 688 
temperature 
density dxray = 1.451 gcm-3 
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diffractometer 
radiation 
scan type 
scan - width 
scan range 
number of reOections: 
measured 
umque 
observed 
data collection 
Turbo CAD4 
Cu-Ka graphite monochromator 
ro/20 
0.9 t- 0.14*-cav(Gt 
3324 
2842 (R0 = 0.0583) 
1979 (!FI/cr(F) > 4.0) 
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corrections 
Structure solution 
daten correction, structure solution and refinement 
Lorentz and polarisation correction. 
Program: SIR-97 (Direct methods) 
refinement 
R-values 
goodness of fit 
maximum deviation 
of parameters 
maximum peak height in 
diff. Fourier synthesis 
Program: SHELXL-97 (full matrix). 228 refined 
parameters, weighting scheme: 
- I /f cr2(F 02) + (0.0992* P)2-l 0.14 * P.J 
with (Max(fo},0)+2*F 0 2)/3. I-T-atoms at calculated 
positions and refined with isotropic displacement 
parameters, non H- atoms refined anisotropically. 
wR2 = 0.1725 (R 1 =0.0556 for observed 
reOections, 0.0865 for all reOections) 
= 1.023 
0.00 I * e.s.d 
0.30, -0.3 1 eA-3 
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Table of bond length 
Entry Atom1 Atom2 Length (A) 
1 01 C2 1.3686 
2 01 C21 1.3687 
3 C2 C3 1.4217 
4 C2 C14 1.4026 
5 C3 C4 1.3633 
6 C3 022 1.3624 
7 C4 H4 0.9500 
8 C4 C5 1.3951 
9 C5 C6 1.4358 
10 C5 C13 1.4144 
11 C6 C7 1.4016 
12 C6 C11 1.4013 
13 C7 H7 0.9500 
14 C7 C8 1.3750 
15 C8 H8 0.9500 
16 C8 C9 1.3937 
17 C9 H9 0.9500 
18 C9 C10 1.3767 
19 C10 H10 0.9500 
20 C10 C11 1.3948 
21 C11 N12 1.3871 
22 N12 C13 1.3867 
23 N12 C24 1.4586 
24 C13 C14 1.4263 
25 C14 C15 1.4796 
26 C15 C16 1.4687 
27 C15 0 25 1.21 80 
28 C16 C17 1.4080 
29 C16 C21 1.3754 
30 C1 7 H17 0.9500 
31 C1 7 C18 1.3691 
32 C18 H18 0.9500 
33 C18 C19 1.3884 
34 C19 H19 0.9500 
35 C19 C20 1.3778 
36 C20 H20 0.9500 
37 C20 C21 1.3922 
38 0 22 C23 1.41 90 
39 C23 H23A 0.9800 
40 C23 H23B 0.9800 
41 C23 H23C 0.9800 
42 C24 H24A 0.9800 
43 C24 H24B 0.9800 
44 C24 H24C 0.9800 
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Table oftorsion angles 
Entry Atom1 Atom2 Atom3 Atom4 Torsion angles (0 ) 
1 C21 01 C2 C3 -179.54 
2 C21 01 C2 C14 0.94 
3 C2 01 C21 C16 -2.04 
4 C2 01 C21 C20 178.7 
5 01 C2 C3 C4 -178.23 
6 01 C2 C3 022 1.19 
7 C14 C2 C3 C4 1.29 
8 C14 C2 C3 022 -179.29 
9 01 C2 C14 C13 -179.22 
10 01 C2 C14 C15 3.71 
11 C3 C2 C14 C13 1.32 
12 C3 C2 C14 C15 -175.75 
13 C2 C3 C4 H4 178.5 
14 C2 C3 C4 C5 -1. 5 
15 022 C3 C4 H4 -0.84 
16 022 C3 C4 C5 179.16 
17 C2 C3 0 22 C23 167.25 
18 C4 C3 0 22 C23 -13.38 
19 C3 C4 C5 C6 -179.01 
20 C3 C4 C5 C13 -0.92 
21 H4 C4 C5 C6 0.99 
22 H4 C4 C5 C13 179.08 
23 C4 C5 C6 C7 0.21 
24 C4 C5 C6 C11 178.26 
25 C13 C5 C6 C7 -178.1 
26 C13 C5 C6 C11 -0.05 
27 C4 C5 C13 N12 -178 
28 C4 C5 C13 C14 3.61 
29 C6 C5 C13 N1 2 0.49 
30 C6 C5 C13 C14 -177.9 
31 C5 C6 C7 H7 -0.82 
32 C5 C6 C7 C8 179.18 
33 C11 C6 C7 H7 -178.66 
34 C11 C6 C7 C8 1.34 
35 C5 C6 C11 C10 179.45 
36 C5 C6 C11 N1 2 -0.42 
37 C7 C6 C11 C10 -2.19 
38 C7 C6 C1 1 N12 177. 95 
39 C6 C7 C8 H8 -179.65 
40 C6 C7 C8 C9 0.35 
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41 H7 C7 C8 H8 0.35 
42 H7 C7 C8 C9 -179.65 
43 C7 C8 C9 H9 178.72 
44 C7 C8 C9 C10 -1.28 
45 H8 C8 C9 H9 -1.28 
46 H8 C8 C9 C10 178.72 
47 C8 C9 C10 H10 -179.55 
48 C8 C9 C10 C11 0.45 
49 H9 C9 C10 H10 0.45 
50 H9 C9 C10 C11 -179.55 
51 C9 C10 C11 C6 1.26 
52 C9 C10 C11 N12 -178.9 
53 H10 C10 C11 C6 -178.74 
54 H10 C10 C11 N12 1.1 
55 C6 C11 N12 C13 0.73 
56 C6 C11 N12 C24 -164.64 
57 C10 C11 N12 C13 -179.12 
58 C10 C11 N12 C24 15.51 
59 C11 N12 C13 C5 -0.75 
60 C11 N12 C13 C14 177.37 
61 C24 N12 C13 C5 162.7 
62 C24 N12 C13 C14 -19.19 
63 C11 N12 C24 H24A -108.06 
64 C11 N12 C24 H24B 131 .94 
65 C11 N12 C24 H24C 11 .94 
66 C13 N12 C24 H24A 90.09 
67 C13 N12 C24 H24B -29.91 
68 C13 N12 C24 H24C -149.91 
69 C5 C13 C14 C2 -3.66 
70 C5 C13 C14 C15 173.14 
71 N12 C13 C14 C2 178.41 
72 N12 C13 C14 C15 -4.8 
73 C2 C14 C15 C16 -6.88 
74 C2 C14 C15 025 171 .03 
75 C13 C14 C15 C16 176.37 
76 C13 C14 C15 025 -5.72 
77 C14 C15 C16 C17 -176.12 
78 C14 C15 C16 C21 6.09 
79 025 C15 C16 C17 5.91 
80 025 C15 C16 C21 -171 .88 
81 C15 C16 C17 H17 2.29 
82 C15 C16 C17 C18 -177.71 
83 C21 C16 C17 H17 -179.85 
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84 C21 C16 C17 C18 0.15 
85 C15 C16 C21 01 -1.7 
86 C15 C16 C21 C20 177.51 
87 C17 C16 C21 01 -179.56 
88 C17 C16 C21 C20 -0.35 
89 C16 C17 C18 H18 -179.6 
90 C16 C17 C18 C19 0.4 
91 H17 C17 C18 H18 0.4 
92 H17 C17 C18 C19 -179.6 
93 C17 C18 C19 H19 179.23 
94 C17 C18 C19 C20 -0.77 
95 H18 C18 C19 H19 -0.77 
96 H18 C18 C19 C20 179.23 
97 C18 C19 C20 H20 -179.43 
98 C18 C19 C20 C21 0.57 
99 H19 C19 C20 H20 0.57 
100 H19 C19 C20 C21 -179.43 
101 C19 C20 C21 01 179.25 
102 C19 C20 C21 C16 -0.01 
103 H20 C20 C21 01 -0.75 
104 H20 C20 C21 C16 179.99 
105 C3 022 C23 H23A -50.83 
106 C3 022 C23 H23B -170.83 
107 C3 022 C23 H23C 69.17 
5.5.3 UV and Fluorescence Experiments 
Methods are identical to those described in Chapter 2, page 105- 106. Most of the 
experiments were carried out at Memorial University, unless otherwise indicated in a 
footnote. Solutions of all xanthones-earbazole systems in CHCb were prepared with 
concentration around 2-4 x 1 o-5 M. 
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Table of UV data of dienes and xanthones. 
Compounds Amax (E) 
5.37 277 (33170), 310 (22571) 
5.32a 283 (27418), 341 (16087) 
5.32b 264 (38019), 351 (4639) 
Dienes 5.32c 284 (25596), 309 (23813) 
5.32d 279 (30811), 314 (26203) 
5.32e 293 (34250), 334 (22930) 
5.32f 283 (27261), 316 (21838) 
5.38 266 (69335), 355 (10573) 
5.31a 273 (66216), 381 (9956) 
5.31b 271 (60172), 362 (7452) 
Xanthones 5.31c 266 (52336), 352 (10116) 
5.31d 268 (57867), 355 (10008) 
5.31e 274 (126367), 368 (21324) 
5.31f 271 (59740), 362 (8600) 
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Table of U V data o.fxanthone-carbazoles. 
Compounds Amax (E) 
5.39 252 (55711), 287 (40739), 304 (36734), 412 (12354) 
5.40 251 (29144), 287 (21071), 304 (19007), 412 (6366) 
5.42 252 (41536), 287 (30888), 308 (31430), 412 (10140) 
Non-
substituted 5.43 253 (60115), 300 (44814), 312 (73464), 365 (15336) 
xanthone- 5.44 254 (45492), 287 (33135), 308 (33756), 412 (11143) 
carbazoles 
5.41 253 (60332), 309 (46675), 313 (77773), 366 (15818) 
5.45 254 (45126) , 287 (30256), 309 (34366), 41 2 (9727) 
5.46 254 (181903), 302 (140927), 313 (244105), 366 (47180) 
5.52a 243 (60563), 300 (65432), 343 (15209) , 418 (16434) 
5.52b 241 (57585), 295 (52433), 333 (17497), 421 (13292) 
5.52c 243 (86106), 290 (47821), 315 (66464), 421 (17979) 
5.52d 260 (57491), 292 (28286), 313 (46112), 409 (12640) 
Substituted 5.52f 254 (60491), 301 (51020), 316 (52797), 418 (13537) 
xanthone-
carbazoles 5.53b 257 (88019) , 316 (112479) , 370 (25955) 
5.53c 257 (100880), 324 (91533), 366 (10638) 
5.53d 256 (53147), 304 (45614), 315 (78534), 366 (14043) 
5.53e 244 (51016), 303 (48829), 421 (11761) 
5.53f 259 (191407), 318 (295490), 369 (55025) 
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Table of UV data o.fxanthone-carbazo/es. 
Compounds Amax (£) 
5.67a 255 (49185), 301 (52524), 419 (11373) 
5.68a 266 (51210), 297 (27932), 321 (47997), 416 (1322 1) 
5.69a 258 (61839), 315 (52776), 421 (14160) 
5.67b 313 (50579), 421 (10843) 
5.68b 216 (34531), 333 (37259), 419 (10930) 
5.69b 265 (36903), 333 (45531), 427 (12915) 
5.67c 269 (48165), 281 (53709), 308 (37797), 348 (4792 8), 420 (12269) 
5.68c 245 (93669), 280 (57852), 315 (37386), 347 (5254 8), 412 (15445) 
5.69c 244 (362948), 270 (198968), 280 (230819), 348 (2 38373), 420 (48408) 
5.5.4 Cylic Voltammetry Experiments 
CY measurements were performed on a BASi Epsilon-EC Bioanalytical systems 
111 a solution of Bu4NBF4 (0.1 M), the supporting electrolyte, dissolved in 
CH2C l2:CI-13CN (4: 1, v/v) at scan rate 500 V·s-1 at room temperature . The solution in the 
three-electrode cell was purged with N2 before each experiment and a blanket of N2 was 
used during the experiment. A Pt wire was used as the counter electrode, glassy carbon 
as the working electrode, and Ag I AgCl as the reference. HOMO energies were 
estimated by the empirical equation HOMO = - (4.4 + Eoxonsct) eV.46 
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5.5.5 Aggregation Studies on Compound 5.45 
Compound 5.54 (60.9 mg) was dissolved in CDCb (1 .0 mL) in a I mL volumetric 
Oask. This solution was then diluted into the indicated concentrations. The H-shi fts 
(ppm) were obtained from 1 H NMR spectra o f each so lution. 
Entry Mol/ L H8 Hd 
1 14.2 X 10'2 8.360 8.019 
2 7.1 X 10-2 8.371 8.040 
3 3.55 x 1 o·2 8.376 8.051 
4 14.2x10'3 8.379 8.058 
5 7.1 x 1 o·3 8.379 8.059 
2-1 0.011 0.021 
3-2 0.005 0.011 
t.o 4-3 0.003 0.007 
5-4 0.000 0.001 
5-1 0.019 0.040 
Ha 
H ~ OMe 
5.45 R = CEH·; 
Chern ca Fc rmu a C;EH;~NO, 
E~act Mass 427 2147 
H3 H6 H5 
7.943 7.711 7.629 
7.973 7.729 7.649 
7.988 7.739 7.658 
7.996 7.743 7.664 
7.999 7.745 7.665 
0.030 0.018 0.020 
0.015 0.010 0.009 
0.008 0.004 0.006 
0.003 0.002 0.001 
0.056 0.034 0.036 
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Ha 
7.564 
7.579 
7.585 
7.590 
7.590 
0.015 
0.006 
0.005 
0.000 
0.026 
Hb H7 He OMe 
7.465 7.395 7.266 4.123 
7.479 7.411 7.283 4.145 
7.486 7.418 7.291 4.155 
7.489 7.423 7.296 4.162 
7.489 7.424 7.296 4.163 
0.014 0.016 0.01 7 0.022 
0.007 0.007 0.008 0.010 
0.003 0.005 0.005 0.007 
0.000 0.001 0.000 0.001 
0.024 0.029 0.030 0.040 
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Selected NMR spectra for synthesized compounds 
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Chapter 6 
Attempted Synthesis of Cyclic Oligophenylenes 
Using IEDDA Chemistry 
6.1 Introduction 
Chapter 6 
Oligoarylcnes are a class of compounds composed entirely of aromatic units 
connected by si ngle bonds. Most of the work in this area has employed benzene as the 
aromatic un it and the numerous one-dimensional (l inear), two-dimensional (cycl ic) and 
three-dimensional (dendritic) structures that have been synthesized arc referred to as 
o ligophenylcncs. Cyclic oligophcnylcncs such as 6.1- 6.3 (Figure 6. I ) 1 arc hexagonal 
macrocylic compounds, which consist of phenylcne units connected together via me/a-
linkages at their corners and para-linkages a lo ng thei r sides. 
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R 
6.1 
R R 
6.:1 
R-
R 
Figur·c 6.1 Examples of hexagona l cyclic o ligophcnylencs 6.1-6.3 . 
Although cycl ic o ligophcnylencs were a lready of inte rest in the earliest stages of 
macrocylic chemistry, only a few of them have been reported . For example, cyclic hcxa-
m-phenylene 6.1 , the fi rst cyclic o ligophcnylcne, was synthesized in 1967 by Staab and 
Binning.2 The synthetic strategy re lied upon the usc o f oxidati ve Grignard-coupling 
reacti ons. T he desired product 6.1 was obta ined in 1. 1 %, II % and 45% yields, 
respecti vely, from di l'fercnt substrates 6.4-6.6 (Scheme 6. 1 ). The cyclization yields 
429 
Chapter 6 
increased along with the number of m-phenylene units in the Grignard precursors, i.e . 
6.4- 6.6. 
BrMg 
MgBr 
11 % 
cue , f) 
BrMg ..Q MgBr 
6.4 
cue , 
11 % p-Q 
BrMg MgBr 
6.5 
6.1 
Scheme 6.1 Staab and Binning's synthesis of cyclic hexaphenylene 6.1. 
Not until three decades later, Schulter el a!. reported a convergent synthesis of the 
cyclic dodecaphenylcne 6.2 using Suzuki coupling methodology to form the biaryl bonds 
(Scheme 6.2) .3 Not surprisingly, a high yield (85%) was achieved in the cyclization of 
the precursor 6.8, whereas the cyclodimerization of 6.7 gave the same product, i.e. 6.2, 
only in 35% yield. A larger macrocycle, cyclic tetraeicosaphenylcne 6.3 (F igure 6.1) was 
also prepared using the same approach, but the yield for the macrocyclization was not 
reported. 
430 
------·----------------------------------------------------------------, 
Pd' 
-35% 
R 
R 
Scheme 6.2 Schi.iltcr's synthesis of cyclic dodccaphcnylenc 6.2. 
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There arc two distinct types of synthetic approaches to macrocyclcs : kinetic and 
thermodynamic. In the kinetic approach, the building blocks of the macrocyclc arc 
connected into a linear oligomer that subsequently undergoes an intramolecular bond 
formation to produce the cyclic compound. The ol igomer can be formed independently 
and then cycl ized in a separate reaction. The advantage of this way is the efficient 
cyclization to form the desired cyclic compound, normally in high yield . llowcver. 
multi-step synthesis is required for the preparation of the oligomer, e.g o li gomers 6.6-
6.8 in the syntheses of cyclophenylencs 6.1 and 6.2. On the other hand, a one-pot 
reaction can be performed for both oligomer formation and cyclization starting from a 
small building block. Although this is a short approach, the rings can be formed in 
different sizes (unless it is a tcmplatcd reaction) and the cyclization usually competes 
with oligomerization. All of these features of a one-pot reaction normally lead to low 
yield of the desired cyclic compound(s). In the kinetic approach, bond-forming reactions 
arc irreversible, which means that the system is unable to "correct" undesired bond 
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formations. I Iowcvcr, the kinetic approach is the most commonly-used approach and has 
been used for the synthesis of numerous shape-persistent macrocycles,4 including cyclic 
oligophcnylcncs 6.1- 6.3. The thermodynamic approach, which was developed recently, 
involves reversible bond formation . This being the case, the system can undergo a self-
healing process. As a result, if the desired structure is the most stable under the given 
conditions, it might be obtained as a single macrocyclic product in high yield, although 
the reaction starts with small building blocks. The synthesis of hexameric 
phenylacetylene macrocycle 6.10 via alkyne metathesis is a good example (Scheme 6.3). 5 
I lowever, no cyclic oligophenylenes have been synthesized using the thermodynamic 
approach. 
TgO # ~ OTg 
""' I 
".;::, 
A Et = MciNAr!I-Bu:h .0 A -1 n trcphenc \ II 6.10 81% II :;::,., Me Me Me == Me ~ ~ 6.9 
:::::.-. 
I :::::.-. 1 
[ Tg = - !CH;CH;o: ,cH, l TgO # OTg 
OTg 
Scheme 6.3 Synthc is o f macrocyclc 6.10 using the thermodynamic approach. 
The aim of this research was to synthesize cyclic oligophenylene 1.233 (Figure 
6.2), which has the same backbone as 6.2, using IEDDA-based methodology. If the 
synthesis is successful, thi s cylic compound could conceivably be converted into the 
hexaacid 6.11 , which has the potential to be a valuable supramolecular building block. 
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HO;C CO; H 
HO; C CO;H 
CO;H 
Figure 6.2 Target structure . 
6.2 Rctrosynthctic Analysis of Cyclic Oligophcnylencs 
Recently, Bodwell et al. rep011ed that 2-hydroxyacetophenone 6.13 was obtained 
in high yield from the IEDDA-driven domino reaction between chromone diene l . lSb 
and enamine 6.12 (Scheme 6.4). The 2-hydroxyacetophenone product 6.13 was then 
converted into its corresponding diacid 6.146 via a Dakin reaction,7 followed by a 
hydrolysis. These transformations formed the basis for the planned synthesis of the target 
cyclic oligophenylenes 1.233 and 6.11 . 
0 
~CO;Et 
0 
1.1 5b 
o-r<J 
6.12 
bEnzEnE rEf U) 
-----~~ 
57% 
CO; El 
NaH 
H; O; 
cone HC 
v NaOH 
----1~ 
85% 
Scheme 6.4 Synthesis of2-hydroxyacctophenone 6.13 and diacid 6.14. 
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Retrosynthetic analysis of the symmetrical cycl ic o ligophenylene 1.233 at the 
indicated bonds revealed bis(diene) 6.15 and bis(enamine) 6.16 as potentia l precursors 
fo r a six-fold TEDDA-driven domino reaction (Scheme 6.5). This is a novel approach to 
a cycl ic o ligophenylcne because none of the biaryl bonds in the target are fo rmed during 
the synthesis: they are al l present in the starting materials. Instead, the approach being 
fo llowed here involves the construction of all six of the corner benzene rings via IEDDA-
driven domino reactions in the same pot. Furthermore, the fi nal benzene-ring-formation 
is a lso the macrocyclization. 
0 
0 6.15 
-..;:::, OH 0 
0 '7' 1 l~o " ""' R; N~ C I~ , I~ 
OH2 
::,.... 
NR; 1:-..;:::, I ~ 
:~ NR; 
ED DA 
1.233 =:) 6.16 
reacl en 
-:?' 
OH, ~:~ ~""'."' ~ --~ ......... -:?' ::,.... ~ ' ~
-:?' 
' ::,.... 
R; N O 7 0 ·,, HO 7 I . 0 
0 
0 
Scheme 6.5 Rctrosynthctic analysis of cyclic oligophenylene 1.233 via a s ix-fold IEDDA-drivcn 
domi no reaction . 
Although the proposed chemistry clearly belongs to a kineti c approach, the six-
fo ld-symmetric macrocycle 1.233 (from 3 units of diene and 3 units of dienophile) was 
expected to be favoured because it should be essentia lly free of strain. [ndeed, the 
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computed structure (MMFF)8 of 1.233 (Figure 6.3) shows a "happy" molecule without 
any deformation. The next lower cyclic homolog (a four-fold symmetric cyclic 
oligoarylene derived from two bis(diene) units and two bis(dienophile) units) and the 
next higher cyclic homolog (an eight-fold symmetric cyclic oligoarylene derived from 
four bis(diene) units and four bis(dienophile) units) are quite different from 1.233, both in 
size and geometry. Upon simple inspection of models, they both appear to have some 
strain. As such, the disadvantages in the kinetic approach, i.e. the competition from 
oligomer formation and the formation of other ring sizes, may be minimized. 
Figure 6.3 Computed structure (MMFF) of cyclic oligophenylene 1.233. 
Bis(diene) 6.15, in tum, could be synthesized via either a decarboxylative I 
Knoevenagel condensation of 3-formylchromone (2.19) and p -phenylenediacetic acid 
(6.17) or a Heck coupling of 3-bromo-4H-1-benzopyran -4-one (6.18) and 1,4-
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divinylbenzene 6.19 (Scheme 6.6). The straightforward synthesis of bis(enamine) 6.16 
would start from p-phenylenediacetic acid (6.17) via the key intermediate l ,4-benzene 
diacetaldehyde (6.20). 
o&CHO 
2.19 
• ~OOH 
COOH 
6.17 
6.16 
decarboxylative I 
Knoevenagel 
condensation 
enamine 
formation 
0 
0 
9. 
'2(5' 
" 
~ 0 
0 ~ 
::,....1 
6.15 
6.20 
Heck 
coupling 
FGI 
~8< 
0 
6.18 
Scheme 6.6 Retrosynthetic analysis ofbis(diene) 6.15 and bis(enamine) 6.16. 
6.3 Results and Discussions 
6.2.1 Synthesis of 2-Hydroxybenzophenone 6.21 as a Model Study 
6.19 
6.17 
Before embarking on the synthesis of the bis(diene) 6.15 and bis(enamine) 6.16 
precursors for the desired target 1.233, a single Ib DDA reaction was tested with dienc 
1.15h and enamine 6.12 . The react ion occurred smoothly to give the des ired product 
6.21 in 49% yield upon heating in benzene for ll h (Scheme 6.7). In fact, this appears to 
be a novel approach to the synthesis of m-terphenyl s. 
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0 c:?' 
~<J 
6.1 2 0 
~ benzene re f u) 11h 
~9% 
1.15h 
Scheme 6.7 lEODA reaction between diene l. lSh and enamine 6.12. 
This result is similar to the yield of 4-methoxyxanthone 1.228h (5 1%) from the 
lEDD A reaction between the same diene, i.e. 1.15h, with enamine 1.225 (Chapter 2, page 
65). T he moderate yield for the IEDDA-driven domino reaction between 6.12 and diene 
1.15h, which bears an electron-neutral phenyl group, did not bode well fo r the six-fold 
lEODA reaction between bis(diene) 6.15 and bis(enamine) 6.16. Moreover, MO 
calculations (RHF/3-21G(d)//AM 1)8 of bis(diene) 6.15 (ELuMo = 1.58 eV) and 
bis(enamine) 6.16 (EwMo = -6.25 eV) gave a similar HOMO-LUMO energy gap (4.67 
eV) to that (4.87 eV) of diene 1.15h and enamine 6.12. At 50% yield per IEDDA 
reaction, the overall yield could not exceed 1.6% and would li kely be lower due to 
competition from linear o ligomer format ion and the formation of other ring sizes. 
Nevertheless, the planned synthetic route was short enough fo r the key reaction to be 
attempted. It was borne in mind that, if the reaction did not occur or occurred in very low 
yield, electron withdrawing groups could be introduced to bis(diene) 6.15 and electron-
donating groups could be introduced to bis(enamine) 6.12 to enhance their reacti vity. 
6.2.2 Synthes is of Bis(dicne) 6.1 5 
Recalling that diene 1.15h was synthesized in high yield (82%) v1a a 
decarboxylati vc Knoevenagel condensation between 3-formylchromonc (2.19) and 
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phenylacetic acid (2.37) (Chapter 2, page 62), the double condensation between 2.19 and 
p-phenylenediacetic acid (6.17) was expected to form bis(dicne) 6.1 5 (Scheme 6.8). The 
reaction was performed under the same conditions (l-BuOK, pyridine, re flux) used for 
diene 1.15h, but no trace of the desired product was detected by mass spectrometric 
analys is, even though the starting materials were completely consumed. J\lternatively, 
I leek coupling between 3-bromo-4H- 1-benzopyrane-4-one (6.18) and I ,4-divinylbenzene 
6.19 gave bis(diene) 6.15, but in just 9% yield . The trans geometry o f double bonds in 
newly synthesized bis(diene) 6.15 was confirmed by 1H MR analys is(.! = 16.3 I lz). 
Unlike the other type of bis(diene) such as 4.26b- c, which presumably polymerized in 
the solid state (Chapter 4, pages 191 and 193), bis(diene) 6.15 could be isolated, but not 
easily purified by column chromatography. The optimization of the I leek coupling 
conditions wa not carried out due to time constraints. However, it is likely that a higher 
yield ofbis(diene) 6.15 could be obtained under the appropriate conditions. 
c&CHO 
0 
2.19 
HOOC~COOH 
~ 
6.17 
1-BuOK pyr d ne 
ref u~ cvern ght 
/ 
/ 
Scheme 6.8 Synthes is of bis(die ne) 6.15. 
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Intermediates 6.189 and 6.19 10 were prepared according to literature procedures 
(Scheme 6.9). 
~ 
l:JlOH 
1Me 6.23 
MeO NMe; 
9C oc 4 5 h 
0 
~NMe; 
l:JlOH 9C% 
6.22 
OHC-o-CHO 
6.25 
El 8 
Ph,PCH,Br 
6.26 
K;CO, aq d c~ane 
ref u~ 20 h 
55% 
6.24 
Scheme 6.9 Synthesis of intermediates 6.18 and 6.19. 
6.2.3 Synthesis of Bis(cnaminc) 6.16 
6.19 
Br; CHC , 
0 oc 18 h 
65% c6'' 0 
6.18 
The plan for the macrocyclization reaction was to form bis(cnaminc) 6.16 from 
the dialdehyde 6.20 with few drops of pyrrolidinc in the presence of bis(diene) 6.15. 
Therefore, synthetic work was focused on the synthesis of dialdehyde 6.20. 
Commercially available diacid 6.17 was subjected to a series of functional group 
interconvcrsions, i.e. esterification (93%), reduction (90%), and oxidation (49%) to 
afford the desired dialdchyde 6.20. 11 
OH Q 
~00> EtOH ~O;Et ~HC Q H;SO, !Cat : LA H, THF CMP CH;C; 
-..::::, refu~ 9 h -..::::, rt 2 h rt 3 h -..::::, H 
.... .... 
__ .,.. 
~ 93% ~ 90% 49% ~ 
COOH CO; Et CHO 
OH 
6.17 6.27 6.28 6.20 6 
6.16 
Scheme 6.10 Synthesis ofbis(aldehyde) 6.20 as a prospective precursor to bis(enaminc) 6.16 . 
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6.2.4 Attempted Synthesis of Cyclic Oligophcnylenc 1.233 
The stage was set for the challenging six-fo ld IEDDA reaction between bis(d iene) 
6.15 and bis(enamine) 6.16 to construct the target cyclic oligophenylenc 1.233 (Scheme 
6. 11 ). !\ mixture of bis(dicnc) 6.15, dialdehyde 6.20 and a catalytic amount of 
pyrrolidine was stirred at room temperature for 2 h, but bis(diene) 6.15 appeared not be 
consumed (tic analysis) . Upon heating the reaction mixture in toluene at reflux 
overni ght, an insoluble product and small amount of unconsumed bis(dienc) 6.15 were 
obtained. Unfortunately, no evidence for the presence of 1.233 in the inso luble product 
could be obtained, even using the MALDl-TOF technique for mass spectroscopic 
analysis. In the hope that the desired product was indeed present, but not detected, the 
insoluble product was subjected to conditions (K2C03, 1-bromodccane, DMf, reflux, 
overnight) that would bring about 0-alkylation of the hydroxyl groups thereby increasing 
the so lubility. I--lowever, this reaction did not show any promise (tic analysis). With 
absolutely no evidence to support the formation of cyclic oligophenylcne 1.233 or the 
corresponding hcxa-0-alkylated analog, work on this project was terminated. Future 
work will have to involve modified versions o f the bis(dicne) 6.15 that bear electron-
withdrawing groups and modified versions of the dialdehydc 6.20 that bear electron-
donating groups. These modifications should not only enhance the reactivity of d ienc I 
dicnophilc pai r, but also improve the solubility of the cyclic product. 
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Scheme 6.11 J\n attempted s ix-fold IEDDJ\ reaction between bi (d ienc) 6.15 and bis(enamine) 
6.16. 
6.3 Conclusions 
A concise six-fold IEDDJ\ strategy was investigated for the synthesis of cyclic 
oligophenylene 1.233 from two simple building blocks, bis(diene) 6.15 and bis(enamine) 
6.16. Although no evidence for the format ion of desired macrocyclic product 1.233 was 
obtained, this synthetic route sti ll has the potential to open up a new approach to cyclic 
oligophenylenes such as 1.233. Optimization of the Heck coupl ing conditions for 
bis(diene) format ion and the design of new bis(d iene)s such as 6.29 and new dialdehydes 
such as 6.30 (Figure 6.4) should form the basis of the future work. 
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Figure 6.4 uggcstcd bis(dicne) 6.29 and bi (dicnophilc) 6.30. 
6.4 Experimental Section 12 
TgO 
OHC~CHO 
OTg 
6.30 
Chapter 6 
General methods and instrumentation used are identical to those described m 
Chapter 2 (page 76- 77). 
3 · ,5 · -Diphenyl-2-hydroxybcnzophenone (6.21) 
Enaminc 6.12 (20.1 mmol), which was prepared from phcnylacctaldchydc (2.41 
g, 20. 1 mmol) and pyrrolidine (1.43 g, 20. 1 mmol), and dicnc 1.15h (500 mg, 2.01 mmol) 
were heated in benzene at reflux for II h and worked up according to the general 
procedure for the xanthone synthesis in Chapter 2. Column chromatography (50:50 
CH2Ch:hcxanes) of the crude product yielded 6.21 (36 1 mg, 49%) as a yellow sol id: R1 = 
0.7 1 (CH2Ch); mp 158- 159 oc ; IR v 3052 (w), 1622 (m), 1587 (m), 1479 (m), 1450 (m), 
1425 (m), 1349 (m), 1287 (m), 1243 (m), 1209 (m), 1193 (m), 1156 (m), I 026 (m), 963 
(m), 760 (s), 712 (s), 700 (s), 671 (s) (cm-1); 111 MR (500 Mllz) 8 12.03 (s, I IT), 8.02 
(d, J = 1.4 li z, Ill), 7.85 (d, J = 1.4 liz, 21f), 7.70 (dd, J = 8.1, 1.3 liz, Ill), 7.68-7.66 (m, 
41-I), 7.55-7.5 1 (m, III), 7.49(t, J = 7.6 11z 4II), 7.4 1 (t, J = 7.8Ilz,211), 7.10(d, .J = 8.0 
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Hz, !H), 6.90 (t, .J = 7.6 Hz, !H); 13C NMR (125 MHz) 8 20 1.8, 163.6 142.3, 140.2, 
139.3 , 136.8, 133.8, 129.6, 129.2, 128.3, 127.5, 126.8, 119.4, 119.1 , 11 8.7; MS [APCI 
(+)] mlz (%) 351 (M-1, 100); HRMS lEI ( )J calcd for C2sll1 s02 350.1307, found 
350.1 305. 
2-Hydroxy-N,N-dimcthylvinylamidc (6.24)9 
A mixture of 2-hydroxyacetophenone (6.22) (20.4 g 150 mmol) and 
dimethylformamide dimethyl acetal (6.23) (22.4 g, 188 mmol) was stirred at 90 oc for 4.5 
h. The reaction mixture was then cooled to room temperature. The solid, brown crude 
product was washed with cold methanol (3 x 50 mL) to yield 6.24 (25.8 g, 90%) as bright 
yellow crystals: R1 = 0.45 (50:50 EtOAc-hexanes); mp 136- 138 o (lit. mp
9 132- 134 °C); 
11 I MR (500 Mllz) 8 13.96 (s, I II), 7.86 (d, .J = 11.7 Hz, I H), 7.69 (dd, .J = 8.3 , 1.4 liz, 
II I), 7.36- 7.32 (m, Il l), 6.92 (dd, .J = 8.2, 1.3 liz, I H), 6 .82- 6.79 (m, II 1), 5.76 (d, .J = 
12.2 liz), 3.1 6 (s, 311), 2.94 (s, 3H); 13C NMR ( 125 MHz) 8 191.7, 163.2, 154.9, 134. 1, 
128.4, 120.5, 11 8.4, I 18.2, 90.3, 45.6, 3 7.6; MS I J\PCl (+) I m/z (%) 192 (M ', I 00). 
3-Bromo-4//-1-bcnzopyran-4-onc (6.18)9 
~Br 
lvllr) 0 
To a solution o f vinylogous amide 6.24 (4.6 1 g, 24. 1 mmol) in CI1CI3 (40 mL) 
was added dropwise a solution of bromine (3 .82 g, 23.9 mmol) in CJ ICI3 (40 mL) at 0 o 
wi thin 40 min. The resulting yellow solution was sti rred at 0 °C for 20 min then at room 
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temperature for further 16 h. The solvent was removed under reduced pressure. Column 
chromatography (CI ICI3) of the crude product yielded 6.18 (3.50 g, 65%) as yellow 
crystals: RJ = 0.75 (50:50 EtOAc-hexanes); mp 93- 94 °C (l it. mp9 93- 93 °C); 1H NMR 
(500 MI-Iz) o 8.27 (dd, J = 8.2, 1.8 liz, I H), 8.24 (s, I H), 7.73- 7.70 (m, I H), 7.50- 7.45 
(m, 211); 13C NMR ( 125 MHz) 8 172.5, 156.3 154.0, 134.3, 126.7, 126.1 , 123.4, 118.3 , 
110.9; MS IAPCI ( ) I mlz (%) 225 ( 9Br, M 1, 100), 227 ((81 Br, M 1 , 98). 
1 ,4-Divinylbcnzcnc (6.19) 10 
A mixture of terephthaldicarboxaldehydc (6.25) (2 .68 g, 20.0 mmol), 
phosphonium salt 6.26 ( 14.3 g, 40.0 mmol), and K2C0 3 (7.0 1 g, 60.0 mmol) in 1,4-
dioxanc (40 mL) containing H20 (0.6 mL) was heated at reflux for 20 h. The precipitate 
was removed by suction filtration and the solvent was removed from the filtrate by 
vacuum distillation at room temperature. Column chromatography (hexanes) of the crude 
product yie lded 6.19 (1.43 g, 55%) as a colorl ess liquid: R1 = 0.50 (hexanes)· 111 NMR 
(500 MHz) 8 7.37 (s, 4H), 6. 70 (dd, J = 17. 7, I 0.6 Hz, 2lf), 5.74 (d, .J = 17.7 Hz, 21 1), 
5.23 (d, J = 11.1 I Iz, 211) ; 13C NMR (1 25 Ml lz) 8 137.4, 136.7, 126.6, 11 4.0· MS lAP 
(+)] m/z (%) 13 1 (M 1 , 100). 
444 
Chapter 6 
3,3 · -1(1 £,1 · E)-2,2 · -(1 ,4-Phcnylcnc)bis(cthcnyl))bis(4I/-chromcn-4-onc) (6.15) 
A mixture of 3-bromochromone (6.18) (1.02 g, 4.53 mmol), Pd(Oi\c)2 (20.2 mg, 
90.0 J..Lmol), tri-o-tolylphosphine ( 164 mg, 540 J..Lmol) and triethylamine (800 J..LL, 5.85 
mmol) in DMF (5 mL) was stirred at room temperature and deoxygenated by passing a 
stream of 2 through the solution. I ,4-Divinylbenzene (6.19) (400 mg, 3.08 mmol) was 
added and the reaction mixture was heated at I 00 °C for 27 h. The solvent was removed 
under high vacuum. Column chromatography ( I 0:90 EtOJ\c:hexanes) of the crude 
product yielded 6.15 (85.2 mg, 9%) as a yel low solid: JY = 0.24 (35:65 EtOJ\c:hexanes); 
mp 283- 284 °C; IR v 3085 (w), 3073 (w), 1642 (s), 1611 (s), 1562 (s), 1509 (w), 1466 
(s), 14 10 (m), 1356 (s), 1313 (s), 1218 (m), 1184 (m), 1160 (m), 975 (s), 864 (w), 815 
(w), 758 (s), 751 (s), 698 (s) (cm-1); 1 f I MR (500 MHz) 8 8.32 (dd, J = 8.0, 1.3 Hz, 211), 
8.13 (s, 2Jl), 7.67- 7.47 (m, 2H), 7.65 (d, .J = 16.3 flz, 2Il), 7.53 (s, 411), 7.48 (d,.! = 8.4 
Hz, 211), 7.44 (t, J = 7.6 Hz, 2!1), 7.00 (d, .! = 16.3 Hz, 21l); 13C MR (125 MI-Iz) 8 
176.8, 156.1 , 153.3 137.2, 133.7, 131.5, 127.2, 126.5, 125.5, 124.4, 122.1, 119.3, 118.3; 
MS [i\PCI (+YI m/z (%) 419 (M +-, 100); HRMS rEI(+)] calcd for C2s H1s04 418.1205, 
found 418. 1 194. 
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1,4-Phcnylcncdiacctic acid dicthyl ester (6.27) 11 
To a solution of p-phenylenediacetic acid (6.17) (3.12 g, 16.1 mmol) in ethanol 
(30 mL) was added 2 drops of concentrated sulfuric acid. The reaction mixture was 
heated at renux for 9 h. The reaction mixture was cooled to room temperature and 
poured into icc cold water (150 mL). The white precipitate was collected by suction 
filtration and dried in air to yield 6.27 (3.7 1 g, 93%) as a colorless solid: R1 = 0.54 (35:65 
EtOAc: llcxancs) · mp 55- 56 °C ; 1H NMR (500 Mllz) 0 7.24 (s, 4! I), 4. !4 (q, J = 7.1 Ifz, 
4H), 3.59 (s, 411), 1.25 (t, J = 7.1 liz, 6II); 13C MR (125 Mllz) 8 17 1.7, 133 .1 , 129.7, 
61.1 , 41.3, 14.4; MS lAPCl (+)] m/z (% )25 1 (M 1, 100). 
1 ,4-Phcnylcncdicthanol (6.28) 11 
HO~Of-' 
To a slurry of LiAlH4 ( 1.68 g, 44.4 mmol) in THF (40 mL) was added dropwisc a 
solution of 1 ,4-phcnylcnediacetic acid dicthyl ester (6.27) (3.71 g, 14.8 mmol) in T I!F 
(20 mL) at 0 °C. The reaction mixture was stirred at room temperature for 2 h. The 
reaction mixture was cooled to 0 °C and acidified with cold aqueous 20% HCI and 
extracted with ether. The organic layer was washed with brine, dried over MgS04 and 
filtered . The solvent was removed under reduced pressure. Flash column 
chromatography (EtOAc) of the crude product yielded 6.28 (2.21 g, 90%) as a colorless 
solid: R1 = 0.4 1 (EtOAc); mp 83- 84 °C; 1IJ MR (500 MHz) 8 7. 17 (s, 411), 3.83 (t, J = 
6.5 liz, 411), 2.83 (t J - 6.6 liz, 4 11 ) (Oil proton was not observed)· 13C MR ( 125 
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MHz) 8 136.8, 129.5, 63 .8, 39.0; MS IAPCI (+)] m/z (%) 149 (M 1 -Oil, I 00); 131 (M ~ -
201-I, 80). 
1 ,4-Phenylenediacetaldehyde (6.20) 11 
OHC\__ O _ iHO 
To a solution of I ,4-benzenediethanol (6.28) (659 mg, 3.96 mmol) in CIJ2CI2 (30 
mL) was added Dcss-Martin pcriodinane (5 .67 g, 13.4 mmol) in one portion. The 
react ion mixture was stirred at room temperature for 3 h. The so lvent was removed under 
reduced pressure. Column chromatography (95:5 Cl-hCh:EtOJ\c) of the crude product 
yielded 6.20 (3 14 mg, 49%) as a colorless solid: R1 = 0.85 ( I 0:90 EtOJ\c :CH2Cl2) ; mp 
48- 50 °C; 1 I I NMR (500 MHz) 8 9 .76 (t, J = 2.2 Hz, 2H), 7.23 (s, 41 1), 3.7 1 (d, J = 2.2 
Hz, 41-I); 13C NMR ( 125 MHz) 8 199.4, 131.3 , 130.4, 50.3 . 
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Selected NMR spectra for ynthesized compounds 
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